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The January 1987 edition of the Journal of the British 
Interplanetary Society is devoted to Space Stations and 
includes the following papers: 

Advanced Propulsion Systems for Space Station Applications 

Space Station in Chemical and Pharmaceutical Research and 
Manufacturing 

Extending the Space Station Infrastructure 
International Use of Space Station Facilities 
Payload Operations on the Columbus Polar Platform 
Towards a User-Friendly Space Station 
Space Station Applications 

Copies of this JBIS, price £2.00 ($4.00) post free, can 
be obtained from: 

The British Interplanetary Society, 

27/29 South Lambeth Road, 

London SW8 1SZ, England. 
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SPACE AND ASTRONOMY 
TOURS 


Western United States Of —j uftiim 
Tour departs from London 14th April 1967 

A 16 day tour visiting the major obunfare ia the Wufen l_\S . Mom 

Palomar, Mount Wilson, Kitt Peak and Lowel Ol miag y ■ The teray 

also oiciuda the Very Large Array in New Mexico, MfttvGAra AmM. ArCrad 
Canyon and the abes of Los Angela, San Diep> and Las Vepsi Tow pn ■ 0B5 per 
person mdusive of air fare from London, high standard hold i i — nltun and afl gwd 
transportation. 

A seven day extension to the tour is available, nitff Dash Valey. the S ans Nevada 
Mountains, San Frandsco, Yosanrte Natnal Park and Supsa Nnraal P«k_ 
Extonion price is £235. 

AnauLw Soler Eclipse — Chins 

Tour departs from Loodon 19th SqSonho 1987 

Observation of the Annular Solar Eclipse from Shanghi amtus with a comprehensive tow 
of the highlights of China, wduchng Pekmg, Xiao (the “Taramta Army"), C dn, Caatn 
and Hong Kong. Duration of the tow is 16 days and pace £1,680, nrhnrve of all air fairs, 
hotel accommodation and gromd arrangmrats. 


Departure October 1987 

Visiting Tenerife and La Pahna with a fufl local tour pipauie. Duration seven days. 
Further details available n January. 

Totml Solar EeEpme — March 1988 

Bangka Island, Sumatra and Taiikud Island, Philippines. 

A choice of two observation sites for the next total solar eclipse, each offering d i f f erent 
prospects for viewing this eclipse and a good choice of exotic places to include in your 
itinerary Diaation from 8 to 23 days and prices from £650 inclusive of air fare from London 
and all hotel accomodation. 

Our brochure with details of these tours and other specialist holidays is 
available on request. 

EXPLORERS TRAVEL CLUB, 2 York Road, Maidenhead, SL6 1SF. 

Phone (0628) 23S64. 

Bonded tour operator member ofABTA 
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Into Orbit At 
Lower Cost 




Cheaper access is the key to the 
future commercial development of 
Space. The European Space Agency 
(ESA) has accepted this challenge 
and aims to enter the 21st century 
with economical launch means at its 
disposal 

Many new technologies are involved 
•» which ESA will be starting to fund in 
1987 in order that project development 
may start by 1990 

Britain's ideas are represented by Hotol, 
a single-stage spaceplane capable of 
delivering seven to eight tonnes of 
payload to orbit. As Europe looks to the 
future. Spaceflight highlights the present 
status of the Hotol concept in this issue. 





EUROPEAN 

RENDEZVOUS _ 

UK Plan for a European Spaceplane 

The European Space Agency 
(ESA) is expected to start a prog¬ 
ramme in the spring of this year 
that will lead to a decision op the 
form of launch vehicle to follow 
Ariane 5, according to information 
presented at the recent British 
interplanetary Society "Hotol" 

Symposium in London. 

The ESA Council, at its meeting in 
October 1986, gave wide acceptance to 
a proposal for a three year programme 
to select a concept and identify areas of 
technical development. It is now 
expected that the Council will agree to 
a definition programme for the next 
launcher generation before the middle 
of this year. 

Mr. Roy Gibson, Director-General of 
the British National Space Centre and a 
former Director-General of ESA, told 
Symposium delegates that a "signific¬ 
ant amount" of ESA money should be 
reserved for the next generation 
launcher. 

A key element to future space com¬ 
mercialisation is a significant reduc¬ 
tion in launch costs and it is envisaged 
that the fully recoverable spaceplane 
will be the means of achieving this by 
the start of the next century. 

The UK plan for a European space- 
plane is Hotol (horizontal take-off and 
landing) and this is now midway 
through a two year proof-of-concept 
study. 


Two launch sites are proposed for Hotol, one an equatorial site possibly at Kourou, French Guiana and one in N W Europe at a location that also has yetto be 
decided. Satellite tracking stations that would be expected to be involved in these operations over different continents are also shown. 




Mr. Gibson stressed that the UK was 
not looking at Hotol as a "nationalistic 
flagship". 

"This is not our policy and I have 
personally criticised other countries 
when, in similar circumstances, they 
have pushed their own point of view in 
this way," he said. 

Hotol Studies 

The £3 million proof-of-concept 
Study has been jointly funded by the 
British National Space Centre (BNSC) 


and the two companies currently 
involved, British Aerospace and Rolls 
Royce. 

The Hotol spaceplane concept relies 
on the development of a new propul¬ 
sion technique, currently being pur¬ 
sued by Rolls Royce, which would 
allow the engines to use atmospheric 
oxygen for the first stage of the journey 
before switching to onboard liquid 
oxygen supplies. This would lead to a 
significant reduction in onboard prop¬ 
ellant mass, permitting the use of 
wings to optimise the initial flight 
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trajectory after takeoff from a stan¬ 
dard-length runway. 

The vehicle emerging from the 
design boards is operationally part air¬ 
craft and part spacecraft, being slightly 
larger than Concorde with a similar 
take-off mass and payload capability. It 
is smaller than the US Space Shuttle 
(see diagram), but shares the same 
diameter of payload bay. 

Most of the forward fuselage would 
be occupied by a large pressurised 
liquid hydrogen fuel tank with a smal¬ 
ler liquid oxygen tank located at the 
rear behind the payload bay. 

The studies on Hotol and the 
engine, designated RB545, are examin¬ 
ing the feasibility of carrying a load 
direct to space from a runway without 
the need for rocket launch facilities or 
major preparation lasting many weeks. 

The basic design aims of Hotol are 
to produce a vehicle that is capable of 
putting a standard communications 
satellite weighing around seven ton¬ 
nes into low Earth orbit at one fifth the 
cost of present launch systems. The 
ability to dock with Space Stations and 
recover satellites is also being investi¬ 
gated. 

Designers confidently predict that 
Hotol will reduce launch costs to low 
Earth orbit by a factor of five and will 
halve the cost of putting a satellite into 
geosynchronous orbit. 

Manned Operations 

In the first instance, Hotol would be 
developed as an unmanned, automatic 
vehicle, but it would be capable of 
adaptation for manned missions with 
the inclusion of a pressurised module 
in the payload bay. However, even on a 
manned mission the human occupants 
would play no part in the launching 
and landing activities. 

Manned missions would only take 
place after the unmanned version of 
Hotol was fully proved and it is envis¬ 
aged that one vehicle from a fleet of 
five or six would be dedicated for this 


purpose. 

On present forecasts Hotol will not 
need thermally insulating tiles like the 
Space Shuttle for protection during re¬ 
entry into the atmosphere. Instead, 
large skin panels (measuring one foot 
by three'feet), which would not require 
periodic replacement, would be used. 
These would be made from carbon car¬ 
bon material on areas of high tempera¬ 
ture such as leading edges and from a 
Titanium/Rene 41 nickel sandwich on 
low temperature areas. 

Laser Guided Takeoff 

The mass at takeoff would be some 
five times that at landing (compared to 
about twice for a conventional aircraft) 
giving rise to a substantial disparity 


between undercarriage requirements 
for takeoff and landing. So it is cur¬ 
rently being proposed that Hotol be 
launched from a laser guided trolley, 
with a light-weight undercarriage pro¬ 
vided for landing. 

A take-off speed of290 knots would 
be achieved with an acceleration of 
0.56g and a run of 2300 m. Vertical 
acceleration at lift-off would be 1.15g 
with a climb attitude of about 24 
degrees. 

Hotol would go supersonic after two 
minutes, clearing commercial air lanes 
(12,000m) after 4.5 minutes and reach¬ 
ing a speed of Mach 5 after just nine 
minutes. The fuel burned up at this 
point would be about 18 per cent of 
take-off mass, compared to a typical 
value of 50 per cent for a vertical take¬ 
off vehicle. 

At the nine minute point external 
air-breathing would no longer be pos¬ 
sible and a ballistic trajectory would 
begin. Orbital velocity would be 
achieved at 90 km, the main engine 
would then cut off and Hotol would 
coast to an operating altitude of 
around 300 km. 

Maximum mission duration would 
be 50 hours with position and altitude 
changes achieved by an orbital man¬ 
oeuvring system (OMS). 

At the end of its mission the OMS 
would slow the vehicle and bring the 
perigee down to about 70 km altitude 
in preparation for re-entry. 

Hotol would re-enter the atmos¬ 
phere at a very high incidence (about 
80 degrees), reducing as speed falls 
and leading into a hypersonic glide at 
about 25 km altitude. 


Hotol development programme- 
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Computer Graphics 
Aid Hotol Design 


Above :A 3D computer aided terminal is being used 
to simulate Hotol in take-off attitude. The take-off 
speed of 320 mph (145 m/s) is achieved after a 
ground roll of7,500 ft (2,300 m). The take-off mass is 
230T and the take-off acceleration is 0.6g.Theveh- 
icle goes supersonic within 1.5 minutes and clears 
commercial airlanes (at 40,000 ft or 12 km altitude) 
after five minutes. 


Right: A computer graphics representation of Hotol 
docking at the Columbus Space Station fora servic¬ 
ing mission. Hotol is designed primarily to give low- 
cost access to near-Earth space and this is achieved 
by automatic onboard control systems which dis¬ 
pense with the need for a crew. For servicing 
Europe's Columbus Space Station, a manned cap¬ 


sule would be fitted into the payload bay. 
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130 Attend Hotol Meeting 


Hotol, the British concept for a Horizontal-Take-Off - 
and-Landing spaceplane, will be a major feature of Bri- 
tian's Space Plan due to be announced shortly. 

Speaking at the opening of the British Interplanetary 
Society's 'Hotol' Symposium on November 20, Roy 
Gibson, the Director-General of the British National 
Space Centre said: "Hotol comes at a time when we 
can play a positive role in Space and put forward our 
own proposals instead of just reacting to other 
people's, as we have been doing for the last 10 years." 

Mr. Gibson confidently expressed BNSC's views on 
the importanceof Hotol forthefutureof Space. Follow¬ 
ing its foundation a year ago (exactly to the day of the 
symposium), the BNSC sponsored Hotol as its first 
major project with a 50 per cent contribution to the 
funding of 'Proof-of-Concept' studies. 

According to Mr. Gibson there can be no future for 
the commercialisation of space unless launch costs 
come down and the required cost reductions cannot be 
achieved by the improvement of conventional launch 
vehicles. BNSC, therefore, intends to be responsive to 
the Hotol project, to which Industry has now decided to 
give top-level backing. 

Mr. Gibson made it clear that it was not BNSC's pol¬ 
icy to keep Hotol as a purely British development. He 
criticised newspaper articles for suggesting that the 
UK do this while glossing over the scale of the costs 
involved. "The ESA Council was informed in June 1986 
of our wish for truly cooperative involvement in Hotol 
and we are soon to make representations on how the 
project could be Europeanised," he said. 

Of ESA's future programme, Mr. Gibson said that a 


key element would be launcher development. He 
wanted people to get away from the feeling that the 
question to be settled was one of 'Hotol versus this-or- 
that' and to evaluate Hotol in its own right. From mid- 
1987, work should be concerned with evaluating the 
concept and identifying the key technologies involved. 
There would be the Germans and others with ideas to 
contribute. Around 1990 a decision could then be taken 
for project development to go ahead over the next 10 
years. 

In conclusion, Mr. Gibson hoped that, within the 
next two to three years, the potential of Hotol would be 
seen by Civil Aviation. "With other space projects, 
such as Giotto, you see a beginning and an end," he 
said, "but not with Hotol. We have to begin to prepare 
the ground for its future possibilities." 

Peter Conchie, Director of Business, British Aeros¬ 
pace spoke next on the 'Background to Hotol' and paid 
a special tribute to members of the British Interplanet¬ 
ary Society who had evolved the Hotol concept in 
informal discussions. Motivation for this work had 
been provided by the conviction that 'there had to be a 
better way of launching expensive hardware into orbit' 
- other than by conventional means which had 
evolved from the quite different considerations gov¬ 
erning ballistic missile development. 

In 1983 studies began at British Aerospace and Rolls 
Royce leading to the Hotol announcement at 
Farnborough in 1984. A small group of people had 
studied how the requirements of space users and cus¬ 
tomers could best be met and to what extent 'lateral 
thinking' from Concorde could contribute. Key deci- 



FUTURE SPACEPLANES 


Venue: Conference Room • Offers of Papers Invited 

Millbank Tower • Registration is Required 

Millbank 
London SW1 

Date: Wedesday 29th April 1987 (all day) 

Technical Symposium 

Cheaper access to Space is now recognised as the key to its future commercial development. Over the last year 
attention has turned to the concept of 'Spaceplanes' for a substantial reduction of launch costs. Decisions to be taken 
will depend critically on evaluating the technologies involved. 

A wide range of technical problems will be the subject of this one-day symposium. The provisional programme 
is expected to include such topics as: Development of the Spaceplane Concept; Ariane V; Hermes; Jarvis; Hotol 
update; Sanger; Titan IV; and TAV. 

Offers of Papers 

Authors wishing to present papers should contact the Executive Secretary. 

Registration 

Forms are available from the Executive Secretary, British Interplanetary Society, 27/29 South Lambeth Road, 
London SW8 1 SZ.Tel.: 01 -735 3160. 


SPACEFLIGHT, Vol. 29, January 1987 


7 









EUROPEAN RENDEZVOUS 


sions quickly - atmospheric speeds not to exceed 
Mach 5, operating costs to be 20 percent of those of the 
US Space Shuttle, protection against atmospheric 
heating to be by metal shingles and not ceramic tiles, 
and a single-stage-to-orbit vehicle to provide total 
reusability and make maximum use of atmospheric 
oxygen. For an adopted payload weight of seven to 
eight tonnes, which covers the biggest market require¬ 
ment, the vehicle comes out to be somewhat bigger 
than Concorde, with larger wings, and would climb to 


Mach 5 at 85,000 feet at which point a switch would be 
made from atmospheric oxygen to onboard liquid oxy¬ 
gen for the hydrogen-oxygen combustion system. 

In May 1985 documented proposals were presented 
to the Government, following which the BNSC-spon- 
sored Proof-of-Concept studies began. Mr. Conchie 
emphasised that the project had to be a European 
undertaking and that ESA should be starting a related 
technology programme in 1987. 


Challenger Impact on European Projects 



The computer terminal used to process Giotto's camera signals. 

HALLEY’S COMET 
SOCIETY 

OFFICIAL SOUVENIR 
COVERS 

To commemorate the unveiling of the 
Edmond Halley Memorial in Westminster 
Abbey on November 13th, 1986 a 
Special Souvenir Cover was issued. 

Many are signed by famous people. 

Write for details: 

Halley’s Comet Society. 

Cover Offer, 

9 Sussex Street, 

Cambridge. 

CB11PA 


Long delays, constraints or even abandonment will 
be experienced by many European space projects as a 
result of the Chalienger accident. 

The seriousness of the situation came to light at a 
recent Press Conference held at the Cologne-Porz 
Centre of the German Aerospace Research Establish¬ 
ment (DFVLR) in the presence of Minister Riesenhuber, 
the German Minister for Research and Technology, 
and attended by representatives of DFVLR and ESA 
and by astronaut E. Messerschmitt. The occasion was 
the inauguration of the microgravity user support 
centre (MUSC) dedicated to the support of new (in¬ 
dustrial) experimenters. Especially affected will be 
projects related to microgravity research in the fields 
of Materials Science and Life Science. 

In this report, which has been specially prepared for 
Spaceflight, BIS member Armin Cordel updates the 
status of several major European projects. 


EURECA 

Launch of the EURECA retrievable platform whose 
first mission is dedicated mainly to microgravity 
research, will be shifted from 1988 to April 1991. The 
flight unit is currently being integrated by MBB and a 
second one may be built for use in conjunction with the 
international Space Station. 

The delay of the next EURECA flight and the availa¬ 
bility of only three Shuttle Orbiters until the assembly 
of the Space Station means that flights of EURECA 
might become the exception rather than the rule. Any 
contraction of the EURECA programme would be 
especially significant for potential industrial experi¬ 
ments. 

EURECA is based on the retrievable space pallet 
SAPS 01, which was released from STS-7 in 1983, and 
has a design lifetime of 10 years (see Spaceflight Sept/ 
Oct 1986, p.365). 

Spacelab Missions 

After the successful Spacelab D1 mission in October 
1985, DFVLR planned a further three missions at 
roughly two-yearly intervals before the launch of the 
international Space Station. 

At present, these plans seem to be rather optimistic. 
NASA has postponed the planned launch of the 
Spacelab D2 mission from 1988 to the third quarter of 
1991. This, according to DFVLR, "severely endangers 
the base of the German space programme". The delay 
will also be detrimental to Europe in general in the 
important field of Materials Science as ESA is consid¬ 
erably involved in the proposed Spacelab flights. 
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Columbus Module 

A final decision concerning European participation 
in the Space Station is to be taken in the Spring of 1987, 
provided agreement is reached by then. Present 
negotiations between ESA and NASA concern the use 
to which the Columbus Module is to be put. NASA 
would like it to be used exclusively for the Life Sci¬ 
ences, whereas ESA intends it for the Material Sci¬ 
ences as well. 

Although the European Columbus Module attach¬ 
ment to the Space Station is officially scheduled to be 
launched by 1994, NASA is considering delaying the 
launch until 1996/97. 

European Space Autonomy 

Minister Riesenhuber explained that he did not 
intend to decrease the German share (38 per cent) of 
theColumbusprogramme in view of European moves 
to autonomy in space. A man-tended free flyer to be 
launched by an Ariane 5, together with an ESA data 
relay satellite system comparable to NASA's TDRSS, 
would be a major step towards European autonomy in 
space experimentation. 

In the Minister's view, studies on Ariane 5 and the 
cryogenic HM-60 engine to used for its first stage are 
now well advanced. His ministry will soon be deciding 
on support for Hermes and a final European decision 
on the development of Ariane 5/HM-60 and Hermes is 
expected to be taken later this year. 

Germany supports a 20 per cent share of Ariane 5 
covering essentially the second stage (as on previous 
Ariane versions) and the combustion chamber of the 



Minister Riesenhuber speaking at the Press Conference at the Colgone-Porz 
Centre of the German Aerospace Research Establishment. 


large HM-60 engine. German support for Hermes is 
likely to fall within the 10 to 30 per cent range of the 
assumed cost of £3 billion. 

With regard to a successor to Hermes, the Minister 
considered the Sanger project of a two-stage, fully 
reusable spaceplane to be an alternative to Hotol that 
was at least worth thinking about. "Technical break¬ 
throughs are required for both Sanger and Hotol and at 
the present time these are not easy to calculate", he 
said. 


Future British 
Space Policy 

Possible trends for future British space policy were 
discussed at a meeting of the British Interplanetary 
Society on November 26,1986. The speaker was Dr. T. 
L. Roberts, the Director of Planning and Finance at the 
British National Space Centre (BNSC). 

At the time Ministerial decisions on the Space Plan 
submitted by the BNSC were still awaited and on the 
future levels of funding. Dr. Roberts therefore 
reviewed the sorts of questions that the Plan raised 
and some of the reasoning behind it. 

In 1985 Britain spent about £100m. on civil space. 
This was less than Italy and comparable to India and 
Canada. It was one-fifth the French spend. About three- 
quarters of the UK money goes in support of ESA prog¬ 
rammes, leaving a very small national programme 
indeed, compared with other European countries. 

Mr. Roberts saida BNSC priority was to maintain the 
UK's position in communications satellites, going for 
the most commercial area of the market. This business 
area has been the most successful in the past. How¬ 
ever, the concentration has tended to be upon the 
leadership of satellite programmes and the UK has lost 
much of its technology base. In the future in communi¬ 
cations satellites the UK must secure its ability to build 
payloads. A continuing need is seen for mobile ser¬ 
vices, where other alternatives such as fibre optics are 
not feasible. Systems for ships, aircraft and other veh¬ 
icles will become increasingly important. 


Images from Space 

Have you often wished you could buy high 
quality colour transparencies of your favourite 
space images to order? We have launched a new 
mail-order service to enable you to do just that. 
For full details - including prices - by return 
please send a stamped (13p or 18p) addressed 
envelope to: 

Space Frontiers Limited, 

30 Fifth Avenue, Havant, 
Hampshire P09 2PL. 

(Tel: 0705-475313) 



BINDERS 


The ideal way of keeping your 
magazines in perfect condition. 
Spaceflight binders are in Blue and 
JBIS in Green. Gold lettering on 
the spine identifies the magazine, 
volume, number and year. 

Only £6.00 ($8.00 overseas) post 
free, from The British Interplanet¬ 
ary Society, 27/29 South Lambeth 
Road, London SW8 1SZ, England. 
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INTERNATIONAL 
SPACE REPORT 

A monthly review of space news and events 


ATLAS CEDITAUR LAUNCH 

A US communications satellite was put into geos¬ 
tationary orbit by an Atlas Centaur rocket on December 
4 following a night lift-off. The military payload had 
been delayed eight times since its original launch date 
of May 22,1986. 

The FltSatCom (Sixth Fleet Satellite Communica¬ 
tions Spacecraft), designated F7, is one of three being 
inserted into parking orbits to replace currently operat¬ 
ing spacecraft when required. The other two, F6 and 
F8, are planned for launch next month (February) and 
in May. 

UPPER STAGE SELECTED 

NASA has selected the Inertial Upper Stage (IUS), a 
launch vehicle which fits in the cargo bay of the Space 
Shuttle, to carry probes to Jupiter, Venus and the Sun. 
However, an option was being kept open until early 
this year to fly one of these missions on a Titan IV. 

NASA Administrator James C. Fletcher selected the 
upper stage, built by Boeing Aerospace, for three 

European Rendezvous - 

UK space science has always been a relatively heal¬ 
thy area, although funding levels have declined since 
the 1970s. Scientific satellites are on the frontier of 
technology and have positive feedback into our indust¬ 
rial capabilities. ESA is proposing an increased science 
programme, but a national programme is still needed, 
as instruments are provided nationally, with ESA pro¬ 
viding the spacecraft. 

Microgravity will be the next commercial area after 
Earth observation. That is, it could be an important 
manufacturing activity in 30 years time. There is cur¬ 
rently a great lack of enthusiasm in the UK for this sub¬ 
ject. It is likely that initial ideas will be swamped by 
applications not thought of as yet. Again launch costs 
are a problem when carrying out experiments. The 
question here is, should the UK increase its state in the 
programme in the hope that it becomes commercial in 
time? 

On the question of participation in the infrastructure 
programmes it is important to understand why the UK 
wants to join in the Space Station work. The real objec¬ 
tive here is to get access to the Space Station. About 
one third of the UK expenditure on Columbus should 
go into the Space Station proper, rather than the Polar 
Platform area. The station will give the ability to build, 
repair, refuel and modify satellites in orbit. If the UK 
doesn't have accesstothese facilities, then itwill be at 
a disadvantage with respect to other commercial 
organisations and interests. 

In the area of technology the UK was the leader in 
the 1960's and early 1970's. However, ithas now fallen 
sadly behind the rest of Europe. The UK programme 
has been the same in cash terms for more than a 


planetary missions - Galileo, Magellan and Ulysses- 
to be launched in 1989 and 1990. These missions will 
bethefirst to employ an IUS to carry payloads to study 
other bodies in the Solar System. 

Each of the planetary payloads will use a standard 
two-stage IUS, with the exception of Ulysses-a probe 
to study the poles of the Sun - which will require the 
addition of’a Payload Assist Module, built by McDon¬ 
nell Douglas. The added module, a smaller "kick" 
stage, will be needed for additional energy to reach 
proper orbit around the Sun. 

Ulysses is a joint mission of NASA and the European 
Space Agency (ESA). It has been funded and built by 
ESA. 

The IUS is a two-stage, 17-foot-long vehicle weigh¬ 
ing more than 16 tons. It was designed for both Earth- 
orbital and planetary missions and has already been 
employed to carry payloads to geostationary orbit. 

The Magellan mission will orbit Venus and map its 
surface with radar and Galileo will orbit Jupiter for 
nearly two years and sending down an atmospheric 
probe. The retropropulsion system for the probe's des¬ 
cent into the Jovian atmosphere was developed by 
Germany. 


decade. That is, when the effects of inflation are taken 
into account there has been a large decrease in the 
money spent on technology. 

Finally, Dr. Roberts discussed the whole area of 
launch vehicles. The UK abandoned its own launch 
vehicle programmes in the 1970's. In 1980 we finally 
joined the Ariane programme with Ariane 4, and may 
well take up a similar proportion, around 5 per cent of 
Ariane 5. It would be difficulty for the UK to contribute 
more, after being out of the business for so long. The 
UK is considering what proportion, if any, to take up on 
Hermes. There are already enough willing countries to 
do Hermes, without the UK participating. 

ESA has recently decided to car'ry out a study prog¬ 
ramme for the next generation of launch vehicles, inc 
luding Hotol. It is too early to take any major decisions 
on Hotol, because it isatthd proof of concept stage. No 
large funding or programmes are needed at present. 

Launch costs are the key to economic, commercial 
systems. For a communications satellite, as an exam¬ 
ple, half of the system cost is in the launch. Hotol aims 
to reduce the cost to low Earth orbit by a factor of five, 
and the cost to geostationary orbit by two. Remote 
sensing systems use low orbits, and the launch costs 
would then be a small fraction of the system costs lead¬ 
ing to better commercial prospects. 

The Space Plan does not call for any decisions in this 
area, as none' are needed at present but such a 
development in the future could put the UK and Europe 
way ahead of the competition in one stride. However, 
for the UK to be able to participate in such ventures the 
national technology capabilities, expertise and skills 
must be revitalised, and this is what the Space Plan is 
intended to achieve. 
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US PA YLOAD FOR CHINA 

Pan Am Pacific Satellite Corporation has signed a 
formal agreement for a launch by China of its com¬ 
munications satellite before May 1988, thus becoming 
the secorfd former Space Shuttle customer to contract 
for use of the Long March rocket. 

The launch also will mark the first time a used satel¬ 
lite is returned to orbit. Pan Am Pacific bought the Wes- 
tar 6 satellite that went into a faulty low Earth orbit after 
launch from a Shuttle in 1984 and was retrieved by 
another Shuttle later in the year. The firm paid $20 mill¬ 
ion to buy the satellite from insurance underwriters. 
Such a satellite, when new, costs between $60 million 
and $65 million with a booster rocket needed to propel 
it to the geostationary orbit. 

No booster will be needed with the Long March roc¬ 
ket. 

Western Union is the other US firm to have signed 
with the Chinese for a satellite launch. 

An artist's concept of an outer space satellite service system that could repair 
or refurbish orbiting spacecraft, or prepare themf or return to Earth. Lockheed 
Missiles and Space Co. is studying the concept under a contract from the US 
Air Force Space Division, supported by the Strategic Defense Initiative Organi¬ 
sation and NASA. 



SATELLITE 
DIGEST-198 

Robert D. Christy 

Continued from the December 1986 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. 

The heading to each launch gives the name of the 
satellite, its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
> Time and are accurate to about five minutes except where 
marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 


COSMOS 1775, 1 986-66A, 16926. 
Launched: 0800, 3 September 1986 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 348 x 414 km, 92.21 min, 70.37 deg. 


COSMOS 1776, 1986-67A, 16928. 
Launched: 0902, 3 September from 
Plesetsk, by C-1 

Spacecraft data: Probably a cylindrical 
body with domed ends, enclosed in a solar 
cell covered drum with length and diame¬ 
ter both about 2 m. The mass may be 
around 700 kg. 

Mission: Probably electronic intelligence 
gathering. 

Orbit: 474 x 516, 94.56 min, 74.03 deg. 


MOLNIYA-1 (68), 1986-68A, 16934. 
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Launched: 0913, 5 September 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section 
at one end. The opposite end of the vehicle 
carries communications aerials and a 


'windmill' of six solar panels set in a plane 
at right angles to the main axis of the 
body. Stabilisation is by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 


Scout Puts 'Polar Bear'in Orbit 

A $13 million scientific satellite left hanging in the National Air and Space 
Museum in Washington, D.C., for eight years was successfully launched on 
November 13 from Vandenberg Air Force Base in California. 

The Polar Beacon Experiment and Auroral Research satellite - dubbed 
Polar Bar - was launched by a Scout rocket, which is one of NASA's smallest 
launch vehicles and has been launched more than 100 times since 1965 with 
a success rate of more than 90 per cent. 

The 275-pound satellite carried three experiments designed to help com¬ 
munications and weather satellites avoid interference caused by the aurora 
borealis, also known as the Northern Lights. The lights cause spectacular dis¬ 
plays of colour in far northern skies and also distort radio signals being sent 
to and from orbiting satellites. The experiments are designed to determine 
which radio frequencies can be used to avoid distortion created by the aurora. 

The satellite was on display at the museum from 1976 to 1984. Only one 
solar cell out of thousands within the satellite was rated marginal and h ad to 
be replaced. The satellite was refurbished at Johns Hopkins Applied Physics 
Laboratory, where researchers installed the instrumentation needed to carry 
out the experiments. Using the old satellite rather than building a new one 
saved the Air Force about $2 million. An additional $6 to $8 million was saved 
by using spare parts to build the Scout rocket. 

In return for the Polar Bear satellite, the museum received a Transit 5A 
satellite. 
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Mission: Communications satellite pro¬ 
viding telephone, telegraphic and televi¬ 
sion links through the 'Orbita' system 
within the USSR. 

Orbit: Initially 638 x 40547, 734.68 min, 
62.88 deg, then lowered to 613 x 39722 km, 
717.74 min to ensure daily repeats of the 
ground trarJk. 


USA 19, 1986-69A & B, 16937 & 16938. 
Launched: 0308*, 5 September 1986 from 
Cape Canaveral by Delta 3920. 

Spacecraft data: Irregularly shaped, 
roughly cylindrical body - dimensions 
and mass not available. 

Mission: Test of several elements of SDI 
(Strategic Defense Initiative) hardware. As 
well as making observations of a ground 
launched missile and its own upper stage, 
the main payload was used to intercept 
and destory by impact that same rocket 
stage. 

Orbit: Initially 220 x 222 km, 88.6 min, 28.5 
deg, then by way of manoeuvres to collide 
with the rocket stage which produced 
debris in the following orbits: 211 x 747 
km, 94.05 min, 39.07 deg (payload) and 
219 x 611 km, 92.66 min, 22.79 deg (roc¬ 
ket). 


COSMOS 1777, 1986-70A, 16952. 
Launched: 0149, 9 September 1986 from 
Plesetsk by C-1. 


Spacecraft data: Possibly a cylindrical, 
solar cell covered body, 2 m long and 2 m 
diameter with mass around 700 kg. 
Mission: Military commurtications using a 
store/dump technique. 

Orbit: 776 x813 km, 100.81 min, 74.01 deg. 


COSMOS 1778-1780, 1986-71A-C, 16961- 
16963. 

Launched: 1139,16 September 1986 from 
Tyuratam, probably by a version of the D 
vehicle. 

Spacecraft data: not available. 

Mission: Navigation satellites in 

GLONASS (the Global Navigation Satel¬ 
lite System), 

, Orbit: 19132 x 19142 km, 676.02 min, $4.80 
deg. 


COSMOS f781, 1986-72A, 16966. 
Launched: 0800,17 September 1986 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. Jhe overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance. 


recovered after 14 days. 

Orbit: 346 x 416 km, 92.20 min, 70.37 deg. 


NOAA 10, 1986-73A, 16969 
Launched: 1552,17 September 1986 from 
Vandenberg AFB by Delta. 

Spacecraft data: Irregularly shaped, 
roughly cylindrical body about 2m diame¬ 
ter and 3.7 m long with a single solar pan- 
bel at right angles to one end. The mass is 
around 1700 kg. 

Mission: Operational meteorological 
satellite owned by the National Oceanog¬ 
raphic and Atmospheric Administration. It 
also carries a SARSAT search and rescue 
package to monitor emergency radio dis¬ 
tress frequencies. 

Orbit: 808 x 826 km, 101.29 min, 98.75 deg. 


COSMOS 1782, 1986-74A, 16986. 
Launched: 1835, 30 September 1986 from 
Plesetsk, by A-2 or F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar- 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is probably 
about 4 m, maximum body diameter 1.5 m 
and mass around 1400 kg. Stabilisation 
may either by by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 636 x 663 km, 97.78 min, 82.54 deg. 


Call For Papers: 

38th IAF Congress 

International Astrpnautical Federation 
BRIGHTON, United Kingdom, 10-17 October 1987 

Abstract Deadline: March 1,1987 

PROGRAMME 

• Space Systems • Space Stations • Earth Observations • Space Transportation • Space Power 

• Space Propulsion • Materials and Structures • Astrodynamics • Microgravity Sciences and 
Processes* Space Exploration • Satellite Communications • Space and Education • Life Sciences 

• 17th IAF Student Conference* Safety and Rescue • SETI • Space and Global Change • Interstellar 
Space Flight • Economics in Space Operations • Use of the Geostationary Orbit • History of 
Astronautics • International Space Plans and Policies • The Law of Outer Space. 

To propose a paper (which must be original) authors are required to submit an abstract of 500 to 1000 words or a 
full-length manuscript. Details of programme sessions and full information on submissions procedure may be 
obtained from: 

INTERNATIONAL ASTRONAUTICAL FEDERATION (I.A.F.) 

3-5 Rue Mario-Nikis, 

75015 PARIS-FRANCS. 

Tel. (33.1.) 45.67.42.60 Telex IAF 205917 F 
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NASA Studies Crew Escape Systems 


A crew escape system will prob¬ 
ably be added to NASA's fleet of 
Orbiters in the future. NASA offi¬ 
cials are not sure whether a bail¬ 
out system could be ready for the 
Shuttle Discovery in time for the 
first post-Challenger flight, now 
scheduled for February 18,1988. 

The leading candidate is a sys¬ 
tem in which astronauts would 
hookupto small rockets that would 
blast through the Shuttle's side 
hatch and pull crew members out 
by lanyards. The 30-inch rockets 
would propel astronauts through 
the Orbiter's side hatch and boost 
them past the Shuttle's wings and 
vertical stabiliser. The rockets 
would then jettison away from the 
spacecraft and parachutes would 
carry crew members back to Earth. 
The system would be similar to 
one currently used in high techno¬ 
logy military aircraft. 

Other systems being reviewed 
are: 

• An escape module capable of 
breaking away from the Orbiter in 
the event of an emergency. 

• A simple bail-out hatch in the 
top of the Orbiter. 


• Ejection seats propelled by 
small rockets. 

• Apressurisedtankthatwould be 
ejected from the Shuttle's payload 
bay and descend to Earth by 
parachute. 

• An airline-like slide that wpuld 
allow astronauts to escape 
through an opening in th§ belly of 
an Orbiter. 

The issue of crew escape for the 
Shuttle was raised almost 
immediately after the Challenger 
accident. The only escape system 
any Shuttle ever had - ejection 
seats in Columbia-was removed. 

In April, astronaut Henry 
Hartsfield told the presidential 
commission that investigated the 
Challenger accident that he 
"would like to see some sort of low 
altitude escape system . . . some 
ability to bail out of the vehicle." 

The commission subsequently 
recommended that NASA "make 
all efforts to provide a crew escape 
system for use during controlled 
gliding flight." ■„ 

The commission, headed by 


former Secretary of State William 
Rogers, said it is "crucial that the 
vehicle that will carry astronauts 
into orbit through this decade and 
the next incorporate systems that 
provide some chance for crew sur¬ 
vival in emergencies." 

In July 1986, a team of engineers 
at Johnson Space Center in Hous¬ 
ton recommended installation of a 
bail-out system that would enable 
astronauts to escape during a low- 
altitude emergency. The group 
studied different bailout systems, 
but was unable to find one that 
would have provided an escape for 
the seven crew members killed in 
the Challenger explosion. 

NASA believes the systems 
being studied could give 
astronauts a chance to survive an 
emergency during gliding flight. 


Photoquiz= 

The photograph on page 18 
shows Canada's Canadarm in the 
payload bay of the US Orbiter, but 
can you identify the particular part 
of the Earth viewed here from orbit? 
Clue: The location is in the northern 
hemisphere and the view is towards 
the south. Answer: see page 37. 


Hermes Mission to Mir Space Station 


The possibility of a space link-up between the 
Hermes mini-shuttle and the Mir Space Station is 
being investigated. 

Hermes, the French proposal now being evaluated 
by the European Space Agency (ESA) as a potential fol- 
low-on project to Ariane 5, could become the first non- 
Soviet spacecraft to dock with the country's space sta¬ 
tion in the mid to late 1990's. 

Details of preliminary discussions for such a mis¬ 
sion were revealed after the Soviet-French conference 
in Yerevan at the end of last year which met to sum up 
20 years of cooperation between the two countries. 

The conference also saw the signing of formal 
agreements for the joint space flight between the two 
countries next year. 

French cosmonauts Jean-Loup Chretien and Michel 
Tognini have now begun formal training for a mission 
to the Mir Space Station in 1988. 

One of them will spend a month on the station and, 
together with a Soviet cosmonaut, undertake an EVA. 
The flight will be much more ambitious than the mis¬ 
sion accomplished by Chretien in 1982, hence the-long 
training schedule. 

Medical and biological experiments will be central 
to the mission and will follow on to those carried out 
during the first flight of a French cosmonaut. 
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Solid booster separation during an Ariane 5 launch to put the Hermes mini¬ 
shuttle into orbit. One possible mission now being discussed is a rendezvous 
with the Mir Space Station. Aerospatiale 
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PHOBOS EXPERIMENTS 

Testing of the Phobos interplanetary probe, built to 
study Mars, its satellite Phobos, outer space and the 
Sun has begun. It will be launched in July 1988, taking 
about 200 days to reach its destination. 

Part of the mission involves a unique, in-depth radar 
probing of the surface of Phobos. It will be "sounded" 
from a distance of less than 100 metres, the process 
taking just 15 minutes. 

The soil will be examined by radar, layer by layer, to 
a depth of 2.5 km. This will hopefully yield valuable 
information on rock structure, density and the degree 
of rock homogeneity on electrical properties of the 
matter and, indirectly, on its chemical composition. 

V. Balebanov, deputy Directory of the Space 
Research, Institute of the USSR Academy of Sciences, 
said: "Using special instruments, the two probes will 
thoroughly study the planet's surface, its atmosphere, 
ionosphere and magnetosphere. In January 1989 they 
will send back to Earth TVpictures of the planet, data 
about the chemical and mineralogical composition of 
the local rocks and their radiophysical characteristics. 
These data will be used to compile a thermal map of 
the planet Mars. We expect to unveil the secrej of Mar¬ 
tian dust storms. 

"After that, the probes will be manoeuvred to join an „ 
elliptical orbit on Phobos. They will study the surface of 
the satellite from an altitude of 30 to 50 metres. In April 
1989, they will drop long-term automatic stations onto 


its surface. They will probethe satellite with long-wave 
radiation, laser and ion beams to get information 
about the element and isotope composition of the 
satellite's mysterious soil." 

In the picture opposite artist Peter G. Goodwin 
depicts a possible configuration of the 'Phobos landing 
craft during its descent. ©p.g. Goodwin. 

INTERGALACTIC ATMOSPHERE 

Scientists at the Kharkov Institute of Radio 
Astronomy have discovered an "atmosphere" around 
our galaxy and the Andromeda Nebula. They believe 
that this space phenomenon is confined in a layer of 
rarefied ionised hydrogen at a very high temperatuare. 

This may indicate the existence of a gas "bridge" 
between the two galaxies, through which hydrogen 
flows from our galaxy to the Nebula due to the latter's 
stronger gravitional field. 

TUNGUSKA FERTILIZER 

Research in the area oftheTunguska meteorite's fall 
has led to the development of a fertilizer which could 
help increase agricultural production by 50 per cent. 
The fertilizer includes all the elements of the meteorite 
- selenium, bromine, arsenic, mercury, lead, zinc, 
silver and other metals. 
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Salyuts 6 and 7—Cosmonaut Interview 



Viktor Savinykh (background) during a training session with Vladimir Koval^onok for the Soyuz T-4 
mission. Novosti 


Cosmonaut Viktor Savinykh 
spoke to BIS member Bart Hen- 
drickx recently about his 75 day 
mission aboard Salyut 6 in 1981 
and a 168 day flight on Salyut 7 in 
1985. The rare opportunity to meet 
and talk with a cosmonaut arose 
during a visit to Moscow by Mr. 
Hendrickx and he reports for 
Spaceflight below. 

Savinykh confirmed that the prime 
objective of his SoyuzT-4/Salyut 6 mis¬ 
sion with Vladimir Kovalyonok had 
been to receive the two remaining 
Interkosmos crews of the 1978 selec¬ 
tion (involving Mongolian and Roma¬ 
nian cosmonauts). These were the last 
crews to fly the SoyuZ-12 type two-man 
ferry. The Soyuz T-4 flight pattern had 
been entirely tailored to accommodate 
the visiting missions (Soyuz-39 and 
40): the main crew were launched sev¬ 
eral days before the Mongolian launch 
window, then "waited'for the Roma¬ 
nian window to open about two 
months later (the Soviets strictly fol¬ 
lowing their mysterious two month 
interval between visiting trips) and 
finally returned to Earth just a few days 
after Soyuz-40. 


Soviet Orbitai Masses 


Sir, in the recent Encylopedia of Cosmonautics, it is stated 
that Meteor 2 satellites in 900 km orbits, as well as Meteor- 
Priroda satellites, are launched by the Soyuz booster (1), 
rather than the Vostok or F-1-X (F-2) booster, as is generally 
believed in the West. This statement is contradicted by Ref. 2, 
which contains a photograph of the Vostokbooster rocket for 
Intercosmos-Bulgaria 1300, a Meteor 2 class satellite. 

Table 1 is derived from a comparison of satellite and 
upper stage masses compiled by V.P. Glushko in 1980 and 
1984 (3,4). It is assumed that subtraction of the 1980 satellite 
and rocket body masses from the 1984 data gives the orbital 
masses of objects for the 1931-1984 period. According to this 
data, the pre-1981 Meteor upper stages were, on the aver¬ 
age, more massive than the post-1980 rocket bodies. 

Table 2, derived from the same sources, indicates that the 
pre-1981 upper stages, with an average "dry" mass of 2.09 
tons, were closer in size to the Soyuz, rather than Vostok, 
upper stage. This suggests that the Soviets used the Soyuz 
launcher for the first decade of the Meteor programme, and 
then switched to the smaller Vostok booster. This is a dubious 
possibility, as payload in orbit increased at the time of the 
switch, according to the same source. It is unlikely that use of 
the smaller Vostok booster would have resulted in higher 
payload masses. 

Moreover, Western observers have determined that the 
Vostok upper stage has a unique orbital signature, as it 
enters its orbit in a higher altitude than its payload (5). Until 


recently. Meteor launcher upper stages have displayed this 
phenomenon, including the Intercosmos-Bulgaria 1300 
upper stage. 

One must conclude from the entries in the Encylopedia 
that either the Soviets no longer distinguish between the 
Vostok and Soyuz boosters, orthatthe Glushko's accounting 
of Soviet orbital masses may not be reliable. 

DAVID ANDERMAN 
California 


1. V.P. Glushko 'Kosmonsvtika Entsiklopediya”, Sovyetskaya Entsiklopediya, Moscow 
1985. 

2. Mozjorin, Y.A. “Kosmonavtika CCCP" Mashinostroyeniye Publishers, Moscow 1986, pp. 
442-443. 

3. V.P. Glushko "The Development of Rocket Engines in the Soviet Union", 2nd Revised 
and Expanded Edition, Mashinostroyeniye Publishers, Moscow 1981, pp. 194-197. 

4. V.P. Glushko 'Kosmonavtika Entsiklopediya", p. 498. 

5. Johnson, N.L "The Soviet Year in Space - 1985", Teledyne Brown Engineering, 
Colorado Springs, 1986 p. 32. 


Table 2: Average Orbital Stage "Dry” Masses by Launch Programme 1960-84 
(metric tons)._ 


Soyuz Class Orbital Stages 

Vostok Class Upper Stages 

Payload Type Mass 

Payload Type Mass 

Soyuz 2.36 

Vostok 1.43 

SoyuzT 2.29 

Korable-Sputnik 1.39 

Progress 2.30 



Table 1: Masses of Meteor Upper Stages and Payloads 1969-84 (metric tons). 


Launch Programme 

Number 

Total 

Mass in 

Orbit 

Total 

Payload 

Mass 

Average 

Payload 

Mass 

Total 

Rocket 

Mass 

Average 

Rocket 

Mass 

Meteor (1969-80) 

36 

120.72 

45.40 

1.26 

75.32 

2.09 

Meteor (1981-84) 

6 

17.10 

8.20 

2.09 

8.90 

1.48 

Total Launches 

42 

137.82 

53.60 

1.28 

84.22 

2.01 
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The two-man Soyuz-40 crew of Dumitru Prunariu (Romania) and Leonid Popov visit the Korolev Museum, 
Soyuz-40 was the final mission of the original Soyuz series. 


Operationally, the two visiting 
flights were useless, since both crews 
had only been trained to fly the old 
Soyuz model and consequently could 
not perform an on-orbit swap of Soyuz 
T-4. Apparently, the Russians were 
reluctant to delay these two remaining 
missions of the old Soyuz to Salyut-7 
as this would have required keeping 
the old Soyuz simulators and other 
related hardware operational for an 
additional year and postponing other 
scheduled visits to Salyut-7. They pre¬ 
ferred instead to send up a final two- 
man Russian host crew to Salyut-6 to 
look after the Mongolian and Roma¬ 
nian guest cosmonauts. 

The only other critical aim of this 
bonus mission was the installation of a 
special adaptor on one of Salyut's two 
docking ports (probably the front one) 
to make the unit compatible for the 
Cosmos 1267 module, which docked 
with Salyut-6 about a month after the 
Soyuz-4 landing. Asked why Cosmos 
1267 coasted in low orbit for one 
month before gaining altitude to meet 
Salyut-6, Savinykh said this was done 
to test the vehicle's response to air 
drag. He did not explain why the mod¬ 
ule's return capsule was ejected at the 
end of that one month period in low 
orbit. 

Concerning his 1985 Salyut-7 mis¬ 
sion, Savinykh confirmed that the 
Soyuz T-14 Chegets crew would have 


stayed in orbit well beyond the New 
Year period if it had not been for com¬ 
mander Vasyutin's illness. Vasyutin 
had suffered from a “cold". 

The spacewalks performed by Kizim 
and Solovyov from Salyut-7 in May 
1986 were to have been carried out by 
Savinykh and Vasyutin and not by Vas¬ 
yutin and Volkov as some observers 
believed. The truss structure for the 
two EVAs was delivered to Salyut-7 by 


the Cosmos 1686 module in October 
1985. 

Savinykh was still undergoing regu¬ 
lar medical examinations one year 
after his second mission ended in 
November 1985 and was not yet train¬ 
ing for a new flight. About ten female 
cosmonauts were currently preparing 
for space missions at Zvyozdnyy 
Gorodok, among which were two 
"Irinas". 


All-Woman Crew 

Bart Hendrickx's report above of the 
training of 10 female cosmonauts con¬ 
firms a similar report of late 1984 that 
was attributed to Svetlana Savitskaya, 
who has twice been in space ( Space- 
flight 1985, p. 327). The object of the 
training was to prepare an all-woman 
crew for a future space station mission. 

It was expected that the mission would 
be of short duration with Svetlana 
Savitskaya as the commander. 

The Soviet Space Programme .can 
claim many firsts, particularly in the 
area of manned 9pace flight, and on 
past evidence a high priority can be 
expected to be given to obtaining yet 
more. 

To date, two Soviet women cos¬ 
monauts have been in space, both of 
them with firsts to their credit. Valen¬ 
tina Tereshkova wasthefirst woman in 
space aboard Vostok 6 in February 
1962 and held the distinction of having 
been the only woman in space until 
Svetlana's flight aboard Soyuz T-7 in 
August 1982. 

The absence of women in space 
during the 20 years, 1962-82, was 
undoubtedly influenced by NASA's 
reluctance over many years to con¬ 
sider women astronauts and to con¬ 
tinue to select military pilots. Finally in 
1976, NASA encouraged women 
applicants and in January 1978 six 
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Svetlana Savitskava during her EVA. 

women were selected as astronaut 
mission specialists. 

In March 1982, NASA announced its 
intention to fly its first woman 
astronaut, Sally Ride, the following 
year. By then NASA plans had already 
sparked a new Soviet initiative with 
women cosmonauts and Svetlana 
Savitskaya was included in a three per¬ 
son crew just five months later. It was 
also in 1982 that a further possible six 


women cosmonauts were selected to 
bring the total complement up to 10. 

By mid-1984, NASA had flown four 
women in space and announced that 
Kathy Sullivan would do an EVA during 
the Space Shuttle mission 41-G in 
October of that year. Unfortunately, 
she did not achieve a first as Svetlana 
Savitskava was included in the Soyuz 
T-12 crew to Salyut 7 as a flight 
engineer and carried out the first EVA 
by a woman on July 25, 1984. 

By 1985, the complement of US 
female astronauts had risen to 13 and 
the regular inclusion of women crew 
members in Shuttle flights seemed a 
foregone conclusion up to the time of 
the Challenger accident. 

On the Soviet side, the launching of 
the Mir space station heralds a new 
phase of manned space activity which 
is expected to start in early 1987. In 
spite of the absenceof any comparable 
US activity, the launch of an all-woman 
crew still needs to be taken as a serious 
possibility for some stage of the forth¬ 
coming programme when regard is 
taken of the Soviet appetite for firsts. 

An account of 'American Women in 
Space' by Roger Wheeler and Philip 
Snowdon is due for publication shortly 
in JBIS (Journal of the British 
Interplanetary Society), whose con¬ 
tents are regularly listed in Spaceflight. 
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Space Prowess Largely Unheralded But... 








Canada's Space 
Industry Thrives 

Canada's space programme is fulfilling a critically important role on the 
international scene, being supported by an active and viable aerospace 
industry. Major Canadian projects relate to communications, the 
Canadarm and the Space Station. But Canada's space prowess has been 
largely unheralded, being overshadowed by that of its southerly 
neighbour. Recognition has come in the form of contracts to its space 
industry which can justifiably claim high standards in advanced technol¬ 
ogy. Christopher G. Trump * outlines the scope of Canada's space commit¬ 
ment in terms of present and future projects. 

Communications 


September 1982, and a light plane 
flying over the wilderness of British 
Columbia struggles for altitude as its 
occupants search for another downed 
aircraft. But it is too late. The under-car¬ 
riage clips the tops of tall pines and the 
plane settles down at a steep angle, its 
occupants miraculously unhurt. But 
they are lost to the world with a non¬ 
functioning radio. Fortunately an 
emergency locator transmitter (ELT) 
goes into action, its signal picked up by 
a Soviet weather satellite, which relays 
the data to a central Canadian Earth 
station. Within hours the downed air¬ 
craft is spotted and the world's first 
rescue via SARSAT - the Search and 
Rescue Satellite programme - is 
effected. 

A downed Canadian plane spotted 
by a Soviet satellite! There is a sym¬ 
bolism in this historic premier that 
highlights the best that the space age 
has to offer mankind: Technology 
forged by many nations - in the case of 
SARSAT the United States, Soviet 
Union, France and Canada - for the 
benefit of all. To date SARSAT has 
been instrumental in saving hundreds 
of lives. In one recent case a seaman 
adrift in a life jacket in the Pacific has 
his ELT signal picked up by three satel¬ 
lites within one hour - a critical factor 
given that his chances of su rvival in the 
shark-infested waters were finite, at 
best. 

Communications has always been a 
critical factor in Canadian history - a 
nation of some 10 million square 
kilometres with the lowest population 
density in the world. It was no accident 
thatthe world's first commercial radio 
station, XWA, went into service in 
Montreal in 1919. The space age prom¬ 
ised a quantum leap in communica¬ 
tions capability, witnessed by the first 
Canadian satellite in 1962 - the 
Alouette, which was a product of the 
Defence Research Laboratory for prob¬ 
ing the ionosphere. 

Development of Canadarm 

One of the little known Canadian 
inventions aboard the Alouette was the 
STEM - the Storable Tubular Extendi- 

*Vice President and Executive Assistant to the Chairman, 
Spar Aerospace Limited. 


ble Members - a unique antenna that 
folded flat but extended to some 30 
metres to gather important data. No 
one was around in those days to chris¬ 
ten ittheCantenna, so its role was rela¬ 
tively unsung. But NASAtook note and 
used the STEM aboard all of its man¬ 
ned spacecraft, including the Apollo 
capsules that explored the Moon, as 
well as scientific satellites, such as the- 
Orbiting Geophysical Observatory. It 
was in this slender beginning that we 
find the genesis of the Canadarm, 
perhaps the best advertised example 
ever of Canadian technology. 

After Apollo, NASA was intent on 
making the next phase of its space 
programme - the Space Transporta¬ 
tion System - visibly international. 
Based on the STEM experience, 
Canada was a natural contender for 


Launch of Anik C by the Space Shuttle. 






CANADA 


this role. Spar Aerospace Limited, the 
maker of the STEM, was approached, 
but it remained for DSMA-Acton, a 
Toronto-based engineering firm to 
initiate the Canadian involvement. The 
company made a stubby robot arm to 
fuel the CANDU nuclear reactors. 
Engineers at NASA quickly juxtaposed 
it as a mission-critical component for 
the Space Shuttle-the crane or Shuttle 
Remote Manipulator System (SRMS) - 
to do useful work in space. A partner¬ 
ship of Spar, DSMA-Aton and CAE in 
Montreal presented a proposal to 
NASA, which in turn offeredthefollow- 
ing deal: If the Canadian companies 
would design, develop and give to 
NASA the first SRMS, then NASA 
would commit to buy others for future 
Shuttles... if it worked. 

It was a deal of sorts, but at some 
$100 million investment, clearly 
beyond the capacity of private com¬ 
panies. In a classic case of govern¬ 
ment-industry cooperation, the 
National Research Council of Canada 
was given the assignment to 
spearhead the project. Farsighted par¬ 
liamentarians - notably the present 
Governor General of Canada, Jeanne 
Sauve, who at the time was Minister of 
Science and Technology - saw the 
effort as complementary to Canada's 
objectives in space. In 1974 the agree¬ 
ments were signed between Canada 
and the United States, because each 
nation saw its interests served by 
cooperating in a major adventure in 
space - the US to make more practical 
and palatable its space budget to Con¬ 
gress: Canada as a means of display¬ 
ing its technological prowess in a 
global arena. It also meant new 
developments here on Earth, such as 
the world's largest remote man¬ 
ipulator - capable of moving more 


than a ton with an accuracy of 3 mm - 
to retube the Candu nuclear reactors; 
or research in making safer and more 
productive deep Earth mining. 

It is in space that Canadarm has paid 
handsome dividends. The flawless 
performance of the Canadarm on its 
first test in the fall of 1981 reaped a new 
awareness of Canada's role in space 
that had been largely unheralded up to 
that time. 

Canada's Space Role 

How many are aware that Canada 
had placed intoservicetheworld'sfirst 
domestic communications satellite in 
geostationary orbit in 1972? The com¬ 
munications network based on this 
feat, as accomplished by Telesat 
Canada, linked Canadians as they had 
never been before. For the first time 
telephone calls could be made as eas¬ 
ily from Halifax to Inuvik as across 
town; the same evening's news could 
be seen simultaneously in Toronto as 
far to the north in Resolute Bay. At an 
altitude of 36,000 kilometres, due 
south of Regina and directly over the 
equator, the Anik A (the satellite's 
named derived from the Inuit word for 
brother) made short shrift of the great 
distances that had for so long isolated 
many Canadians. 

The late Dr’John H. Chapman, often 
called the father of the Canadian space 
programme because of hjs pioneering 
work on the Aloudtte, had a vision for 
Canadian space communications that 
developed into an elegant three-point 
strategy: 

1. Space was a natural arena to 
meet the nation's communi¬ 
cations needs. 

2. this being the case, then 
Canada should also.build for 
space 


3. and its industry should be so 
competitive that it could sell in 
the international market 
place. 

The Anik A, launched in 1972, had 
been built by Hughes Aircraft of 
California, with some 13 per cent Cana¬ 
dian industrial participation. But by 
1982, Canadian industry had not only 
built its own satellite -theAnik D - but 
signed the contracts to build the first 
domestic satellite communications 
system in Latin America, a project 
known as Brasilsat. The performance 
of the Canadarm a year earlier had 
graphically underscored our 
technological capability. A team of 
Canadian industries, led by Spar and 
including SED of Saskatoon, Sas¬ 
katchewan, for the Earth stations: Fleet 
Aerospace of Fort Erie, Ontario, for the 
spacecraft bus. Com Dev of Cam¬ 
bridge, Ontario for some of the sophis¬ 
ticated electronics, and Telsar Canada 
for training and launch backup, built 
the satellites and Earth stations on time 
and at the stated cost. The first Brasil- 
satwent into operation in 1985, forging 
a new link in international cooperation 
in space communications. The pin¬ 
point accuracy of the launch from 
French Guiana by a European 
Arianspace rocket underscored the 
dimensions of global participation. 

Canadian Space Industry 

The Canadian space industry, num¬ 
bering perhaps a dozen companies, is 
largely owned by Canadian sharehol¬ 
ders and has achieved results far out of 
proportion to its numerical strength - 
some 3,000 employees all told. Fiercely 
competitive in meeting Canadian 
needs, it has scored international sales 
that stand as a beacon for all Canadian 
industry. In 1983 the Canadian space 


The remote manipulator system for NASA's shuttlesdntest at Spar Aerospace's special lab located in Toronto. 


SPAR 
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The Future 

The Department of Communica¬ 
tions is exploring with industry partic- 
pants the M-sat concept - a mobile 
satellite system in the high fraequency 
range that will make possible direct 
satellite links to the remotest areas. 
Beforetheturn ofthecentury it may be 
possible for users to talk by way of 
these satellites from vehicles, ships 
and on foot with Earth stations no 
larger than a briefcase. 

The Department of Energy, Mines 
and Resources is working with the pri¬ 
vate sector on Radarsat, a remote sens¬ 
ing satellite that will - in the nineties - 
make daily sweeps over the Arctic, fer¬ 
reting out the best shipping channels 
with its ability to spot weak or firm, old 
or new ice. The technology is so 
advanced that the potential yield of a 
province's entire potato crop can be 
assessed in one sweep. Think of the 
global impact of such data in giving 
early warning of droughts and inci¬ 
pient famines. 

The Department of Defense has 
initiated studies for a space-based 
radar surveillance net to ensure the 
sovereignty of our shores. 

The Department of External Affairs 
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The experimental joint Canadian/US satellite, Hermes, which was the first to operate in 14/12 GHz band with 200 watts RF power in 1976. Spar 
Aerospace designed and manufactured two 0.6 m parabolic gimbaled antennas. SPAR 


budget, as allocated by the Inter¬ 
departmental Committee on Space, 
totalled some $135 million. The indus¬ 
try sold more than twice that amount in 
products and services, better than half 
of the total in international sales. 

Consider the breadth of the Cana¬ 
dian effort. Bristol Aerospace of Win¬ 
nipeg builds one of the world's finest 
sounding rockets - the Black Brant 
used to study the upper atmosphere; 
Canadian Astronautics Limited of 
Ottawa is working on a space probe to 
study the invisible plasma of space - 
the Waves in Space Programme, while 
MDA of Richmond, British Columbia is 
a world leader in remote sensing imag¬ 
ery, the awesome photography from 
space that will help us to better under¬ 
stand the geography, geology and 
flora of our Earth. 


is studying the Paxsat concept, a space 
watchdog satellite capable of deter¬ 
mining intentions of other satellites, 
for use in the event that the nations of 
the world should ever agree on the 
concept of banning not only weapons 
of mass destruction but all weapons 
from space. 

Then there is the grandest project of 
them all: Space Station. Canada has 
joined with European nations and 
Japan in cooperating with the United 
States in the construction and utilisa¬ 
tion of a permanently manned plat¬ 
form in space. Once in place before the 


year 2000 it will truly be, in the lan¬ 
guage of the Ojibway, a Pi-Wapic - an 
iron star visible even by day. Research 
undertaken in the Space Station will 
give us an expanded understanding of 
our Earth and the Universe; it will lead 
to new concepts in pharmaceutical 
manufacturing, metallurgy, crystal 
growth and human physiology. Most 
importantly, it will lead to a fresh out¬ 
look of our role as stewards to this 
spaceship Earth - a single small, inha¬ 
bited planet among nine in our Solar 
System; itself but an infinitesmal speck 
in our Milky Way Galaxy. 


Canada's Anik C satellite launched as part of the first commercial payload of the Space Shuttle. SPAR 
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The US Space Station, which 
will begin to be assembled in orbit 
after 1992, will draw on interna¬ 
tional co-operation from Japan, 
Canada and the European Space 
Agency (ESA). 

Participation in the Space Station is 
widely backed in Canada. The Cana¬ 
dian Institute for Advanced Research 
considers that the very nature of the 
project will create a large investment in 
new knowledge and pay rich dividends 
in the 21st Century. A report of its 
Space Station Committee looks to 
Canadian participation to "de¬ 
monstrate and enlarge the capabilities 
of Canada's space industry, assisting it 
to expand employment and markets". 
Canadian participation should not be 
piecemeal, but take "responsibility for 
an integral part of the Station", such as 
a Mobile Servicing Centre (MSC), 
which will service and test satellites in 
space and could become the major 
Canadian hardware contribution to the 
station. 

An MSC would be equipped with 
advanced robotics, including second 
generation Canadarms and a Robotic 
Servicer - a small, separate, multi¬ 
armed manipulator with machine 
senses and 'sight' and 'feel' for high- 
precision tasks. Canadian Astronautics 
Limited (CAL) has been working on a 
Phase B design and development for 
the MSC under contract from the 
National Research Council: Phase B-1 
ran until March 1986 and Phase B-2 
continues to August 1987. 

CAL's Space Systems Group has the 
challenging jobofdesigning and build¬ 
ing power, computer and data-handl- 
ing subsystems. These subsystems 
would then be available for use on all 
aspects of the space station including 
free-flying platforms. 
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Canada's proposed contribution to the Space Station is the Mobile Ser¬ 
vicing Centre which is shown located on the station. The Centre provides 
services for the initial assembly and construction of the station and for its 
growth in the future. It also provides a base for the servicing and repair of 
spacecraft and functions as a test bed for the development of advanced 
technology in space. 

The upper left picture shows a second generation Canadarm carrying a 
Robotic Servicer which provides dexterous manipulator systems for per¬ 
forming servicing tasks that require precise positioning. 
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THE MAPLELEAF 
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by Philip Chien 


IN SPACE 


Most early writers and space prophets thought that the first person into space would be 
an American and to the surprise of the world it was a Russian. Writers in the 50's (usually 
British writers), wrote about the first Commonwealth subject into space as being 
English, but, wrong again. The first Commonwealth subject to go into space was a 
Canadian. A second Canadian astronaut flight was scheduled for September 24,1986 
before the Cha 11 enger a ccident. 


Introduction 

In September 1982 the crew for the first Spacelab 
mission was selected and included Ulf Merbold of 
West Germany. He became the first non-American to 
fly the Shuttle as a payload specialist aboard the first 
Spacelab flight (November 1983). As a representative 
of the European Space Agency (ESA) his first flight 
paved the way for future international space co¬ 
operation. 

NASA needed a crew of five astronauts for most 
missions, but there were seven seats available. These 
extra seats were reserved for industry experimenters, 
but could also be available for observers from 
countries or companies which launch major payloads 
from the Shuttle. Since Columbia had only enough *• 
room for four NASA crewpersons, the plan was tem¬ 
porarily put on hold; but as Challenger and Discovery 
tame online, plans were formulated to add observers 
to Shuttle crews. 

The new "guest astronaut" programme was 
announced by NASA administrator James Beggs in 
June 1983 when the prototype Shuttle Enterprise was 
on a five-nation publicity tour. Enterprise was taken to 
the Paris Airshow and around Europe aboard NASA's 
modified 747 carrier aircraft. While returning to the US 
it made a good-will publicity stop in Ottawa, Canada. 
The Orbiter and 747 Biplane combination, weighing 
223,600 kilos (483,000 lb), was one of the heaviest 
aircraft ever to land at Ottawa International Airport as 
it braked to a dust-throwing stop in front of thousands 
of cheering tourists and local people. The two aircraft 
were seen by over two million people on the month¬ 
long two continent tour. 

Enterprise was returned to its hangar at the Dryden 
Space Flight Research Center in California after the 
tour finished and was then used to check out the 
Vandenberg Air Force Base launch facilities. It will not 
go into space, however, and is expected to eventually 
end up in the National Air & Space Museum's new 
Dulles Airport annex. 

While Enterprise was in Canada, NASA took the 
opportunity to thank the National Research Council of 
Canada and SPAR International of Toronto for the 
development of the remote manipulating system 
(RMS, the Shuttle's 15 metre arm) first tested aboard 
Columbia in 1981 by astronauts Joe Engle and Dick 
Truly, used in June 1983 aboard Challenger by Sally 
Ride and John Fabian, in August by Guy Bulford and 
Dale Gardner, in April 1984 by T. J. Hart to recover the 
Solar Max research satellite, in November by Anna 
Fischer to help recover the two HS-376 satellites, and 
on many other flights. Most Shuttle flights involve 


some use of the RMS. It has launched satellites, 
retrieved satellites, steadied astronauts, moved 
experiments, and even tapped the cover of a stubborn 
cannister which would not open. The Canadarm is 
expected to play a major role in setting up NASA's 
permanent manned Space Station 

Canadian Astronaut Programme 

After the official announcement of the Canadian 
astronaut programme, advertisements were placed in 
Canadian newspapers and journals. Over 4,000 
Canadians applied for a chance to fly into space. 1,600 
met the educational and work-related experience 
qualifications, and these were pared down to 19 from 
which six were chosen to become astronauts, being 
introduced on December 5, 1983 to the Canadian 
public and the world. They are: 

Roberta Lynn Bondar b: December 4,1948, Sault Ste. 
Marie, Ontario. 

Dr. Bondar is a neurologist and a clinical and basic 
science researcher in neuro-ophthalmology. She is 
also a licenced doctor and pilot. 

Marc Garneau b: February 23, 1949, Quebec City, 
Quebec. 

Marc Garneau is a career Naval officer and holds the 
rank of Commander in the Canadian Navy. He also 
holds a doctorate in Electrical Engineering. 

Steven Glenwood MacLean b:December 14, 1954, 
Ottawa, Ontario. 

Steven MacLean is a laser physicist with a doctorate 
in astrophysics. In 1976-77 he was a member of the 
Canadian National Gymnastics Team and in 1978 he 
appeared in TV commercials for the Commonwealth 
Games. 

Kenneth Money b: January 4,1935, Toronto, Ontario. 

Ken Money was the senior scientist at the Defence 
and Civil Institute of Environmental Medicine of the 
Department of National Defence in Toronto. He has 
worked with NASA since 1962 on various experiments 
in space sickness and orientation. He is a co¬ 
investigator in various experiments aboard three 
Spacelab flights. He holds a doctorate in physiology 
and has logged over 4,000 hours in various aircraft. 

Robert Brent Thirsk b:August 17, 1953, New 
Westminster, B.C. 

Bob Thirsk is a medical doctor, who also has a 
masters degree in mechanical engineering from MIT. 
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The Canadian Space Team. Left to right are payload specialists: Ken Money, Bob Thirsk, Roberta Bondar, Steve MacLean, Bjarni Trygg- 
vason and Marc Garneau. The team became operational in 1984. The only member to have flown in space is Marc Garneau aboard STS 
41G in October 1984. Following the Challenger accident, no statements have yet been made about future crew assignments and the 
inclusion of guest astronauts from other countries is unlikely until the resumed launch programme has become established. 


Bjarni V. Tryggvason b: September 21, 1945, 

Reykjavick, Iceland. 

Bjarni Tryggvason holds a doctorate in engineering 
with specialisation in applied mathematics and aerq- 
dynamics. He is an aero-dynamics researcher and 
meteorologist. 

Marc Garneau 

Marc Garneau was selected as prime payload 
specialist for the October 1984 flight and Bob Thirsk 
was selected as his backup. Originally Garneau was 
scheduled to fly aboard Shuttle mission 51A which 
launched the Telesat-H (Anik D1) satellite for Canada. 
Later, his flight assignment was changed to the 41G 
mission, which would permit observations over much 
of Canada. Garneau joined NASA's five person crew 
and a civilian Navy Oceanographer on the eight-day 
flight of Challenger. 

On the morning of October 5,1984, everything was 
ready for launch. VIPs included the Premier of New 
Brunswick, Canada, Richard Hatfield, Thomas E. 
Siddon, Canada's Minister of State for Science and 
Technology, and Ambassador Allan E. Gotlieb of 
Canada. Garneau and the other six crewmembers 
were launched into a high inclination (57 degree) orbit, 
designed for viewing most of the populated parts of 
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the Farth, including most of Canada. Marc Garneau's 
CANEX experiments covered spacetechnology, space 
science, and life sciences. The space technology 
experiments included research into enhancements for 
the next generation robot arm for use in space. In the 
space science field, observations were made on how 
the Shuttle's space environment affected various 
substances usedon the outside of the Shuttle. The life 
science studies concentrated on various motion 
sickness tests and sensory tests. While Garneau 
worked on his experiments, Paul Scully-Power 
observed the Earth's oceans from space and Kathy 
Sullivan became the first American woman to do an 
EVA. 

When the flight was finished Marc Garneau made a 
goodwill tour of Canada. The Canadian public came to 
meet him in their thousands. Most just wanted to say 
"Hi!" and meet Canada's first ambassadorto space. 

Follow-on programme 

Two more flights with Canadian astronauts had 
been scheduled at the time of the Shuttle accident and 
many more were expected to follow. NASA is now 
unlikely to offer new flight opportunities to guest 
astronauts from other countries until well after Shuttle 
flights have resumed in 1988. 
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Above and right: A joint Canada- 
US experiment to be flown on the 
US Shuttle in 1991 is the WISP 
(Waves in Space Plasma) experi¬ 
ment, which follows the tradition of 
earlier Canada-US ionospheric 
research on the Alouette and ISIS 
satellites. 

Canadian Astronautics Limited 
is developing Canada's instru¬ 
ment, called the High Frequency 
Sounder System, which will trans¬ 
mit radio waves into the ionos¬ 
phere through a 300 m dipole 
antenna. The reflected waves are 
detected by the HFSS receiver on 
the Shuttle. Transmit and receive 
frequency is independently vari¬ 
able from 0.1 to 30 MHz in 1 kHz 
steps. Overall control of the experi¬ 
ment is by a stored program which 
is adjusted by the Payload 
Specialist or by the scientist on the 
ground. 


Below: The HFSS engineering 
model under development at CAL. 
Below right: A computer graphics 
analysis of the performance of the 
WISP experiment. 
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The Aurora Borealis viewed at UV wavelengths by the Canadian-built UV imager aboard the Swedish 
Viking satellite the aurora can be detected on both day and night sides of the Earth enabling the 
complete auroral oval to be located. Auroral intensities are highest over Northwest Territories. The 
operation of the imager is very quick compared with previous space cameras used to photograph the 
aurora and provides sequential shotsat 20-second intervals and global views every 80 seconds. Over 
20,000 images have been taken so far. 


Explores Upper Atmosphere From Space 



Above and below: The UV spaceborne imaging system, developed for the 
Swedish Viking satellite, during laboratory checkout. 

Sweden's first scientific satellite. Vik¬ 
ing, launched by Ariane on February 22, 

1986 together with the French remote 
sensing satellite Spot 1, has already 
exceeded its design life of eight months. 

Viking built to study ionospheric and 
magnetospheric phenomena at high 
altitudes above the auroral zones, carried 
five main experiments one of which, the 
Ultra-Violet Imager, was supplied by 
Canada's National Research Council (NRC) 
as part of the country's space science prog¬ 
ramme. 

Developed by Canadian Astronautics 
Ltd., under contract to NRC, the instru¬ 
ment's two ultra-violet (UV) cameras have 
produced the most advanced satellite 
images ever taken of the aurora. 

Further details overleaf. 
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Aurora Watch From Orbit 



Viking was designed to study 
ionospheric and magnetospheric 
phenomena at high' altitudes 
above the auroral zones - such 
studies traditionally hold strong 
positions in Canadian and Swedish 
research, partly due to areas of 
both countries being situated 
within the northern auroral zone. It 
was thus quite natural that the first 
Swedish research satellite to bdf 
flown should aim at studying 
ionospheric and magnetospheric 
phenomena at high latitudes and 
that Canada should be interested 
in participating. 

The region of the magnetosphere 
that Viking has been exploring is 
located roughly between 4000 and 15 
000 km above the Earth's poles and is 
penetrated by magnetic field lines that 
lead down to the auroral zone. 

It appears likely that the particles 
(electrons and protons) in the mag¬ 
netosphere get heated and accelerated 
to high energies in this particular reg¬ 
ion. In order to investigate the 
mechanisms involved. Viking was fully 
instrumented for in situ measurements 
of the electric and magnetic fields 


including their frequency of distur¬ 
bance. Simultaneously the Canadian 
Ultra-Violet Imager has been photo¬ 
graphing the associated auroral activ¬ 
ity taking place Well below the spacec¬ 


raft in the ionosphere over the north 
pole. As a result, the relationship bet¬ 
ween the processes at the satellite 
location and the auroral forms below 
can be investigated. 

The Imagerwasdeveloped and built 
by Canadian Astronautics Limited 
under contract to N RC's Canada Centre 
for Space Science. The instrument 
comprises two "state-of-the-art" ultra¬ 
violet (UV) cameras which produce the 
most advanced satellite images ever 
taken of the aurora. The UV Imager is 
capable of operating day or night and 
at higher speeds than any previous 
satellite imager. The key to the UV 
Imager's speed is a charge coupled 
device (CCD) integrated circuit chip 
containing over 60,000 individual light¬ 
sensing elements. The Imager at 
apogee is capable of transmitting one 
pair of images covering most of the 
auroral oval every 80 seconds. Smaller 
fields can be transmitted as frequently 
as every 20 seconds. 

The launch by Ariane put Viking in a 
near polar circular orbit at approxi¬ 
mately 800 km height. By means of a 
separate boost motor. Viking was 
injected into an orbit with the desired 
apogee of about 15 000 km and a 
perigee height of just over 800 km. The 
orbital period is just under five hours, 
out of which time, the satellite is at 
heights above 4000 km for close to four 
hours. 

Acquisition of telemetry data and 
operation of the satellite experiments 
is undertaken at Kiruna in northern 
Sweden. Only real-time telemetry is 
available and the experiments operate 
only when the satellite is within view of 
Kiruna. After six months of operation 
20,000 UV images havebeentaken and 
the UV Imager Jias been described as a 
complete success, performing up to 
expectations in every respect. 
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Aurora Watch by Radar 

The aurora is under extensive study by ground-based instruments, including 
radar by which it may be tracked. The velocity and movement of the bright 
aurora mass centred over Churchill, Manitoba is studied from two sites equidis¬ 
tant from Churchill at Red Lake,Ontario and Nipawan, Saskatchewan. Each site 
consists of both receiving and transmitting antennas and the radars therefore 
are termed 'bistatic'. Each radar simultaneously sends pulses over Churchill on 
receipt of a highly accurate time signal from the GOES satellite. 

The aurora's density is obtained by measuring the strength of the returned 
signal and its velocity by the Doppler shift. The radars form a system known as 
BARS (Bistatic Auroral Radar System) and have been supplied by Canadian 
Astronautics Limited. The system employs advanced, computer-controlled, 
digital beamforming which may be controlled remotely by experimenters 
throughout Canada oveT public telephone lines. 

Used in conjunction with the Ultra-Violet Imager on the Viking Satellite, the 
data from BARS can be correlated with the satellite data to obtain a more com¬ 
plete Dicture of the auroral activity. 
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GEOMAGNETIC PARALLELS FOR 100 KM ALTITUDE PLOTTED FOR 60 
70°. AND 80°N. 

SOURCE: INTERNATIONAL GEOMAGNETIC REFERENCE FIELD 1965.0 
UPDATED TO 1969.75. 


The National Research Council of Canada 
announced in November 1984 that, despite an 
infusion of funds into projects such as 
Canada's participation in the US Space Sta¬ 
tion, it would no longer support an indepen¬ 
dent Canadian rocketry programme. The well- 
known 'Black Brant' series of Canadian solid- 
fuelled rockets is credited with over 300successful 
suborbital launches between 1960 and 1985 and, 
appropriately, Clifford Cunningham and Peter Jedicke nowtake a look atthis 
proud and profitable chapter of the Canadian aerospace story. 


Getting started 

The importance of the upper atmos¬ 
phere and space to Canada's scientific 
and technological development was 
recognised in the 1950's. This led to 
Canada's involvement in communica¬ 
tions and remote sensing satellites, but 
the need for more immediate launch¬ 
ings of less expensive scientific 
instrumentation was also recognised 
[ 1 ]. 

The direct impetus for a Canadian 
rocket programme came not from the 
scientists, however, but from the milit¬ 
ary. The Canadian Armament 
Research and Development Establish¬ 
ment (CRDE), located in Valcartier, 
Quebec, (which is today known as the 
Defense Research Establishment, 
Valcartier - DREV) wanted to develop a 
new solid rocket fuel in order to facili¬ 
tate safe and simple transportation to 
remote locations. The fuel, which 


became known as CARDEPLEX, would 
also permit rockets to be assembled at 
the launch site and armed with a 
minimum of equipment. Furthermore, 
a solid-fuelled rocket could be put on 
"hold* at T minus 30 seconds and 
maintained atthe ready state for hours 
if necessary. This was important for 
research firings into transient atmos¬ 
pheric phenomena, such as aurora. 

Such research was planned by the 
Canadian military utilising facilities 
under development at the Churchill 
Research Range in Manitoba as the 
launch site. Churchill is located 985 km 
north of Winnipeg by air, and a railway 
connection also existed. The aurora 
belt is accessible from Churchill by 
suborbital rocket. 

In Winnipeg, Bristol Aero-Industries 
Ltd (the Canadian branch of the British- 
based Bristol Aeroplane Company) 
wanted to join the aerospace field [2]. 


The company had been mainly 
occupied with the manufacture of jet 
engines and so had considerable 
experience with such skills as welding 
high strength steel components. 

CARDE had already been involved 
with Bristol Aerojet is England and had 
begun development of a 17-inch 
diameter rocket motor to be insta lied in 
what was called the "Propulsion Test 
Vehicle," using CARDEPLEX propel- 
lant.Thefirst static firing of this motor, 
17 feet long, took place on February 24, 
1959, generating 20,000 lbs of 
thrust[3j. As Bristol in Winnipeg grew 
into the project, the "Propulsion Test 
Vehicle" was renamed the Black Brant 
I, the name being taken from a species 
of goose indigenous to Western 
Canada. Firings of Black Brant I at Chur¬ 
chill, in cooperation with the US Army, 
demonstrated full fuel reliability. In 
1959, CARDE upgraded the design and 
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Left: The payload bay of the Black Brant VIIIC 
launched on May 27, 1965 for NASA auroral 
studies. The payload was recovered. 


Right: Launch of a Black Brant VIIIC from the 
Churchill Research Range. 


Lower Left: The first Black Brant X at the Wallops 
Flight Facility prior to the test flight on August 
14, 1981. The sounding rocket has three stages 
and is 15.8 m long. Bristol Aerospace 


Lower right: The forward section of the Black 
Brant XB launched on February 14, 1985 for the 
Science Project MARIE. The payload was not 
recovered. 
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created the Black Brant II, which could 
reach an altitude of 150 km. The first 
Black Brant II swept gracefully from the 
pad at Churchill in October 1960(4]. 

Bristol Aero-Industries 

Complete engineering control of the 
programme was transferred to Bristol 
in 1961. Bristol had organised a Special 
Projects Group to co-ordinate their 
work with the Black Brant. This group 
has four divisions: 

1. Propulsion-motor case, nozzle and 
igniter design. 

2. Vehicle development-aerodynamics, 
structure, dynamics and performance 
of the complete rocket. 

3. Instrumentation-diagnostic 
payloads to monitor flight behaviour. 

4. Drafting group. 

Later, a new division, responsible 
for field trials, was added. Meanwhile, 
the Canadian Government's National 
Research Council's Rocket Instrumen¬ 
tation Group did telemetry antenna 
design and payload components, and 
the NBRC's National Aeronautical 
Establishment's High-Speed Wind 
Tunnel Group also contributed 
aerodynamic research. 

It is interesting to note that one of 
the challenges facing the engineers in 
the early years was t o find materials i n 
North America which were compatible 
with the British materials used in 
CARDE's early work. 

Bristol then proposed the next three 
designs on its own initiative. The Black 
Brant III was 10 inches in diameter, 
weighed 700 lbs (of which 40 lbs was 
payload) and achieved 178 km altitude. 
The fuel used for this rocket was CAR- 
DEPLEX. Bristol built the motor case 
and CARDE filled it with fuel. This 
motor underwent 53 static firing tests 
before its first launch on June 15,1962. 
Because of an unrelated fire, which had 
closed the entire rocket base at Chur¬ 
chill, the first Black Brant III launch took 
place at the NASA range on Wallops 
island in Virgina. Four flights took 
place over the nextfew days. Although 
the launches proved the basic design, 
there were serious aerodynamic prob¬ 
lems: the first three rockets pitched 
and achieved less than 80 per cent of 
their predicted altitude. The fins were 
canted on the fourth rocket before 
launch in orderto spin the vehicle three 
times per second and stabilise it gyros- 
copically, but, although the pitching 
disturbance was cured, its flight was 
also unstable, flying off course in a hel¬ 
ical path. Work to overcome this prob¬ 
lem began immediately. 

Bristol competed for a US Navy roc¬ 
ket contract while redisign was still in 
progress but the Balck Brant III was 
unsuccessful in competition. Addi¬ 
tional data finally allowed the 
engineers to conclude that the Black 
Brant III needed to roll eight times per 
second - not three - in orderto achieve 
stability. 


Three Black Brant Ills were success¬ 
fully launched on February 21, 1966 
with predicted altitude exceeded by 10 
per cent. That particular design was 
called the Black Brant IIIA and 45 were 
sold and launched in the following 
years, the US Navy eventually becom¬ 
ing a satisfied customer. In the late 
-1960s, with a fuel more powerful than 
CARDEPLEX, a Black Brant IIIB was 
inaugurated. It featured 30 per cent 
better performance ratings and a total 
of 22 of them were launched. 

Bristol also developed the ability to 
erect temporary launch complexes in 
remote locations. A Black Brant III was 
launched from Resolute Bay, North¬ 
west Territories in July 1966 and the 
same site was used on nine sub¬ 
sequent occasions before 1971. With 
increased oil exploration activities in 
Canada's Arctic, it became very dif¬ 
ficult to obtain a clear impact area for 
rocket firings. Facilities were also set 
up to launch four Black Brant Ills from 
East Quoddy, Nova Scotia, during each 
of the 1970 and 1972 total solar 
eclipses. 

A Two-Stage Design 

The more ambitious Black Brant IV 
was a two-stage design, incorporating 
the Black Brant II (with the original 
motor design and original CARDEPLEX 
fuel) atop the Black Brant IIIA (a new 
motor and the original fuel). The stages 
were slip-fitted together, rather than 
firmly attached, with the intent that 
they would slip apart as the first boos¬ 
ter stopped thrusting. The Churchill 
rocket range, rebuilt after the firp, was 
used for the first launch on June 24, 
1964. However, the two stages col lided 

Churchill Research Range Facility. 


after separation and crashed about 
three km from launch site. A second 
test on July 2,1964 had the same disas¬ 
trous result, but engineers received 
data showing that the staging had 
taken place about five seconds too 
early. They concluded that pressure 
building up between the two stages 
had pushed them apart too early. The 
engineers vented the interstage, and 
installed explosive bolts and flush- 
mounted booster drag flaps to extend 
at separation. 

Thethird and fourth tests in January 
1965 were totally successful, and the 
sixth test seta Canadian altitude record 
of 950 km. The combination of a Black 
Brant II and a Black Brant IIIA became 
known as a Black Brant IVA; while a 
Black Brant II with a Black Brant IIIB as 
its second stage was designated the 
Black Brant IVB. By May 1981,59 Black 
Brant IVs in all had been flown from 
such far-flung sites a Peru, Spain, the 
Hawaiian Islands and Greenland. 

Bristol Aerospace 

During this exciting time of develop¬ 
ment, significant corporate develop¬ 
ments also took place. In March 1962, a 
new company was formed, Canadian 
Bristol Aerojet Ltd., by Bristol Aero- 
Industries and the American company, 
Aerojet-General Corporation. The new 
organisation built the CDN$2 million 
Rockwood Propellant Plant, 30 km 
north of the city of Winnipeg. Then the 
Bristol conglomerate was acquired by 
Rolls Royce and renamed Bristol 
Aerospace Limited. The Special Pro¬ 
jects Group in Winnipeg became the 
Rocket and Space Division in 1966. 

By that time a completely new 
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Sounding rocket performance. 


design with more powerful solid fuel 
and a lighter structure was on the 
drawing boards. It utilised a new tail 
assembly with fins made of hon- 
?ycomb aluminium, covered with a 
plastic insulator called "Avcoat" which 
kept the aluminium from melting due 
to friction during the ascent. Develop¬ 
ment of this new rocket was troubled 
by inadequate insulation inside the 
motortube. Thirteen staticfirings were 
required to solve the problems, but the 
efforts culminated in the birth of the 
Black Brant V. At first, the new tail 


Brant VC. This version became a stal¬ 
wart in NASA's stable of sounding roc¬ 
kets. Between the three models, over 
145 Black Brant Vs have flown. 

Further development followed dif¬ 
ferent paths. When, in 1967, the US 
Army wanted mass-produced rockets 
to launch meteorological packages 
that would descend on parachutes, 
Bristol offered a new Black Brant VI. It 
weighed a mere 50 kg with a seven kg 
payload and was intended to reach 

Sounding rockets launched at the CRR. 


altitudes no greater than 90 km. An 
even smaller rocket, the Black Brant VII, 
was also developed: it weighed 18 kg, 
was only 10 cm in diameter and could 
carry 1.5 kg payloads up to 40 km. 
These designs used simple mechanical 
spring timers to eject the nose fairings 
and Bristol employed electron beam 
welding to attach the fins to the rocket 
bodies. 

Initially, Bristol hoped to produce 
them in quantity for less than 
CDN$1,000, but the actual cost was 
consistently higher than this. There 
were 226 test firings of the Black Brant 
VI and 52 of the Black Brant VII; both 
met their performance requirements 
but could not achieve the high reliabil¬ 
ity at low cost and the US Army 
rejected them. The National Research 
Council of Canada has launched 15 
Black Brant Vis over the years for low- 
altitude research. 

Meanwhile, the concept of combin¬ 
ing proven rocket elements was 
applied to create the Black Brant VIII, 
which used a US Army Nike booster 
and a Black Brant VB or VC as second 
stage. This increased peak altitude by 
40 per cent over either previous 
design. The Black Brant VIII was test- 
fired in December 1975 and 41 were 
flown to 1980. A similar combination 
replaced the Nike with the US Navy 
Terrier booster, and this was desig¬ 
nated as the Black Brant IX. Although 
NASA funded the design study at Bris¬ 
tol, it was not actually flight-rated until 
the successful firing of its successor, 
the Black Brant X. 

A Three-Stage Design 

The Black Brant X was initiated by 


assembly was mated with a Black 
Brant IIA motor above it - this was the 
B^ack Brant VA. It was intended to 
reach relatively low altitudes of up to 
150 km and to carry a 27 per cent 
heavier payload. It was a Black Brant 
VAwhichflewintothe Moon'sshadow 
over Red Lake, Ontario, during the 
1979 total soiar eclipse. 

When the engineers felt confident 
about the new motor, they created the 
Black Brant VB wh ich was successful i n 
its very fir:t test in June 1965. There 
were five such tests, ending in April 
1967, and all were successful. With the 
Black Brant VB, the involvement of the 
Canadian military ended and Bristol 
carried the Black Brant programme on 
alone from that point. 

Increased US Involvement 

NASA played an important role in 
the Black Brant V's evolution when it 
asked Bristol to improve the rocket's 
stability over a longer flight profile 
when launched from a 50m tower at 
the White Sands Missile Range. Bristol 
■responded by adding a fourth tail fin 
and calling the combination the Black 
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Bristol itself and was the company's 
fi rst three-stage rocket. It consisted of a 
Terrier booster stage with a Black Brant 
VB as the second stage (thus making 
the first two stages essentia I ly identical 
to the Black Brant IX; hence the pecul¬ 
iarity of having both versions flight-, 
rated together). The third stage was 
based on the engine used in the Black 
Brant VB and VC, but with a shorter roc¬ 
ket case length and a new propellant. 
The new motor would have 12,000 lbs 
ofthrustand a burn time of 17 seconds. 
Bristol named this rocket ' engine 
"Nihka", which means "Little Goose", 
and four static firings proved its 
worth[5]. 

For the Black Brant X's first test 
flight, NASA's Goddard Space Flight 


Centre supplied a Terrier booster and a 
diagnostic payload, and the National 
Research Council of Canada paid for 
the second stage. SAAB-Scania from 
Sweden provided a modified S-19 
active trajectory control module. The 
first flight too o k place on August 14, 
1981 at Wallops Island and was a 
resounding success. An interesting 
point about the Black Brant X's mission 
profile is that the second stage is left 
attached for 33.6 seconds after burning 
out. This is because the third stage is so 
short and squat that it would lack sta¬ 
bility, and the second stage's fins keep 
it true. This delay means that separa¬ 
tion finally occurs at 80 km altitude, 
where the atmosphere is so thin that 
the third stage repiains stable with a 
spin of 3.6 times per second. The third 


stage then coasts alone for four sec¬ 
onds before firing. 

It is the Black Brant X programme 
which is most at risk as a result of the 
Canadian government's decision to 
stop supporting rocketry. Recently, 
there have been calls in the United 
States for more expendable boosters 
in the wake of the Challenger disaster, 
but the Canadian government has not 
indicated renewed interest in Bristol's 
stable of rockets. 
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BLACK BRANTX-A Canadian Export 


When the famous US Aerobee 
was retired in 1985 after 1C58 
flights. Canadian-made Black 
Brants became the principal 
sounding rockets of the US 
National Aeronautics and Space 
Administration (NASA). The Black 
Brant X (and the Black Brant IX 
derivative) are the latest and most 
capable of the highly successful 
sounding rocket series built by 
Bristol Aerospace Limited in Win¬ 
nipeg, Manitoba. Their continued 
export for use by foreign custom¬ 
ers is here brought up-to-date by 
Joel W. Powell. 


Black Brant IX and X 

Black Brant X was born in 1979 of 
the need for a rocket capable of greater 
altitude and payload performance than 
the existing Black Brant VIII. NASA 
proposed to replace the Nike solid 
propellent booster with surplus Terrier 
motors to create the Black Brant IX, but 
before this vehicle could reach the 
launch rail an even larger rocket 
became necessary for a high priority 
project to investigate an unusual 
phenomenon in the magnetosphere. 

The logical solution was to provide 
an upper stage for the Black Brant IX, 
and Bristol Aerospace developed the 
stage as an in-house project in 1980. 
The resulting vehicle was designated 
Black Brant X and became the first 
three stage sounding rocket to be pro¬ 
duced in Canada. 

The new 1.6 m third stage utilised a 
high energy solid propellant recently 
developed by Bristol plus a light¬ 
weight short casing based upon the 
Black Brant V. 

Performance and Testing 

Black Brant X is 15.9 m long and43.7 
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A two-stage Black Brant VIII of which more than 40 were launched from 1976 to 1981. 
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Churchill Research Range 



cm in diameter. The 2800 kg rocket is 
capable of lifting a 100 kg payload to 
1200 km altitude. The special mag- 
netospheric mission (see below) 
required that Black Brant X overfly a 

Further Canadian Space projects, 
including communications satel¬ 
lites, will be presented in a sub¬ 
sequent issue of Spaceflight _ 


Universal launcher (Pad 1). 


specific region in the magnetosphere 
while propelling the 105 kg payload to 
more than 450 km altitude for at least 
half of the otal flight time. 

The precision guidance required for 
these types of missions is provided by 
a specially modified version of the S-19 
guidance system built in Sweden for 
the Swedish Space Corporation by 
SAAB-Scania. Since its introduction in 


1976 the S : 19 system has been 
employed on Black Brant V and VIII roc¬ 
kets with a high degree of reliability. 
Payload pointing stability is main¬ 
tained by a gas jet attitude control sys¬ 
tem installed on the Nihka stage (i.e. 
the third stage). 

After four static firings of the Nihka 
motor. Black Brant X was first test fired 
on August 14,1981 from NASA's Wal¬ 
lops Flight Facility in Virginia. The shot 
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was an outstanding success, with the 
217 kg diagnostic payload reaching an 
altitude of 625 km. 

Black Brant IX, comprising the first 
two stages of the X model, was 
automatically qualified without the 
need for a separate test’ flight. Ironi¬ 
cally the two stage rocket failed during 
its maiden launch on March 16, 1982, 
but has performed admirably in more 
than a dozen firings up to 1986. 

Research Work 

The first two Black Brant X's utilised 
for research purposes were launched 
from Cape Parry in Northern Canada 
on November 30 and December 13 
1981. The rockets were the NASA con¬ 
tribution to Project Centaur, a joint 
Canadian-American investigation of 
the magnetospheric cusp (or cleft) 
phenomenon, where solar wind parti¬ 
cles penetrate close to the Earth 
through a gap in the magnetic field. 
NASA repeated this important experi¬ 
ment in January 1986 with a Black 
Brant X fired from the Andoya rocket 
range in Norway. 

In April 1982 NASA launched two 
Black Brant X's from the Poker Flat 
Research Range in Alaska to deploy 
quantities of lithium and barium vap¬ 
our at high altitudes. Sunlight caused 
the expanding vapour clouds to glow, 
enabling observers to detect the pre¬ 
sence of electric fields in space. The 
two rockets ascended to approxi¬ 
mately 1500 km, the highest altitude 
ever attained by Canadian-built sound¬ 
ing rockets. 

Electric fields in the magnetosphere 
were also the objective of a pair of 
Black Brant X rockets fired from Poker 
Flat on 30 March and 1 April 1984. Each 
vehicle released twin clouds of barium 
at altitudes of up to 950 km to locate 
electric fields while an aurora was in 


progress. Researchers believe that 
high altitude electric fields accelerate 
electrons from the solar wind into the 
ionosphere in a process that creates 
the aurora. 

Two clouds of barium were dis¬ 
persed from a NASA Black Brant X 
■ launched from Wallops Island on May 
13 1986 (a second rocket released a 
quantity of strontium) to investigate a 
key segment of a theory of planetary 
formation proposed by Hannes Alfven 
in 1954. The experiment was intended 
to test predictions of plasma behaviour 
(the so-called critical velocity effect) 
during the coalescence of planets 
around a star as it is being formed. 

Black Brant rockets were also used 
by NASA to obtain ultraviolet spectra 
and images of Comet Halley during its 
recent apparition. At White Sands Mis¬ 
sile Range in New Mexico a Black Brant 
IX rocket was launched on 26 February 
1986 with a 40 cm telescope to view the 
comet. After recovery the instrument 
was refurbished on-site and was 
reflown on March 13, the same day as 
the Giotto comet probe made its his¬ 
toric rendezvous. The observations 
were enhanced by a tele-operation sys¬ 
tem that pemitted observers to point 
the telescope by remote control. Hasty 
preparations were also made to fly two 
Black Brant VC payloads to observe 
Halley after the Challenger accident 
terminated plans for extensive obser¬ 
vations from the Shuttle. 


Present Status - Future Pospects 

At the present time all Black Brant 
rockets are exported to foreign cus¬ 
tomers by the Canadian Government 
having cancelled all sounding rocket 
and balloon projects by Canada in 
November 1984 as a cost saving mea¬ 
sure. The National Research Council of 
Canada only managed to use one Black 
Brant X prior to the cancellation. A 
similar situation developed in Britain 
several years ago with the Skylark roc¬ 
ket. 

NASA and Bristol recently initiated 
development of the Black Brant XII, the 
most powerful version to date. The 
four stage rocket will be papable of 
reaching an altitude of 1600 km with an 
enhanced payload capacity when it 
enters service in 1987. The vehicle uses 
the top two stages of Black Brant X 
combined with two American-supplied 
solid boosters. If the need arises the 
first stage can be deleted to form a 
three stage Black Brant XI. 

Demand for the Black Brants 
remains strong. At least 20 Black Brant 
X and a dozen Black Brant IX vehicles 
have flown to date, and Bristol expects 
the veteran Black Brant VIII to outstrip 
use of the single stage Black Brant V by 
the end of the decade. With sounding 
rocket usage on the increase 
worldwide (especially among develop¬ 
ing countries) there is every indication 
that sounding rockets will remain a 
tool of space science for many years to 
come. 


Black Brant X Specifications. 


Event 

First stage 

Second stage 

Third stage 

Ignition time 

H 

1 

o 

T +12 sec 

T + 82 sec 

Ignition altitude 

0 

3.8 km 

97.5 km 

Thrust (kilo-Newtons) 

311 kN 

89 kN 

54 kN ! 

Burnouttime 

T + 4.4 sec 

T + 44.9 sec 

T + 99.8 sec j 

Burnout altitude 

0.9 km 

91.6 km 

140 km 


-MEMBERSHIP RENEWAL- 

1987 Rates for Membership of the British Interplanetary Society. 

Corporate status U S 

Fellows and Members*. £28.00 42.00 

Non-Corporate status 

Members 21 years of age and over.£22.00 J33.00 

Members under 21 years of age.£18.00 827.00 

* Members whose date of election is earlier than 31 December 1983 have Corporate status. A ll such persons of 21 or 

more years of age will automatically be considered for transfer to Fellow on renewal. 

A Special Reduction of £6.00 (89.00) is offered on renewal of membership to Members and Fellows who are 65 
years or over. This may be entered on the form below. 

Publications. Members of all grades are entitled to receive free of charge by post one of the Society’s publications, 
or to receive both JBIS and SPACEFLIGHT at a special additional subscription rate of £20.00 (830.00). 

Tax Concessions. UK taxpayers are reminded that subscriptions to the Society, including those for publications, 
are an allowable deduction against income for tax purposes_if this can be related to their employment. Overseas 
members should note that the Society is a recognised Charity and that they may be permitted to count the whole of 
their payment to the Society as tax deductable. 

(Ages are with reference to 1 January 1987) 


SPACEFUGHT, Vol. 29, January 1987 


35 










News . . . Society News . . . Society News . . . Society News . . . Society 


A CADEMY BOOK A WARD 

The International Academy of Astronautics has 
recently awarded its prestigious Engineering Sciences 
Book Award to two BIS Fellows, Dr. David J. Shapland, 
Head of the Promotion and Astronaut Office of ESA in 
Paris and Dr. Michael J: 1 Rycroft, Head of the Atmos¬ 
pheric Sciences Division of the British Antarctic Sur¬ 
vey, based in Cambridge. 

The award is for their book 'Spacelab: Research in 
Earth Orbit' published by Cambridge University Press 
(£12.95). With the aid of unique colour photographs 
the book covers the full technical development of 
Europe's first manned laboratory in space and docu¬ 
ments a broad spectrum of scientific experiments 
ranging from astronomy to zoology. 


BIS OFFICERS FOR 1987 

At its meeting in November, the BIS Council re¬ 
elected Mr. C.R. Turner as President for a third one- 
year term. Dr. L.R. Shepherd and Mr. (3.W. Childs were 
both re-elected Vice-President for a further year. 

Following the recent elections to Council (reported 
in the December issue of Spaceflight) the membership 
ofthe BIS Council for 1987 is as follows: 

President: C.R. Turner 

Vice-President: G.W. Childs, Dr. L.R. Shepherd 

R.A. Buckland, Dr. J.K. Davies, M.R. Fry, Prof. G.V. Groves, 
C.R. Hume, A.T. Lawton, Prof. I.E. Smith, G.V.E. Thompson, 
G.M. Webb 


SOCIETY MEETINGS DIARY 

All meetings unless otherwise stated . are held in the 
Society's Conference Room, 27/29 South Lambeth Road, 

London SW8 1SZ. 


28 January 1987,7-9 p.m. Film Show 

THE BORDERS OF SPACE (Part 1) 

Two film shows will highlight important stages in the deve¬ 
lopment of manned space exploration. ■> 

The programme will include the following: 

(a) The Legacy of Gemini. 

(b) Apollo 15: To the Mountains ofthe Moon. 

(c) Four Rooms, Earth View (Skylab). 

(d) STS-2: Post-Flight Press Conference. 

(e) STS-5: Post-Flight Press Conference. 

Admission is by ticket only. Members should apply in good 
time enclosing a stamped addressed envelope. 

25 February 1987,7-9 p.m. Film Show 

THE BORDERS OF SPACE (Part 2) 

The second of two film shows continues the survey of impor¬ 
tant manned space missions. 

The programme will include the following: 

(a) The Four Days of Gemini 4. 

(b) The Mission of Apollo-Soyuz 15. 

(c) STS-6 Post-Flight Press Conference. 

(d) STS-9: Post-Flight Press Conference. 

(e) The Space Station. 

Admission is by ticket only. Members should apply in good 
time enclosing a stamped addressed envelope. 

11 March 1987,7-9 p.m. Lecture 

WHEN IS SPACE NEWS? 

by F. Miles 

Once, in the days of Apollo, there was tremendous television 
and press interest in space. Now it seems to take something 
like the Challenger disaster to arouse media interest. What 
are the constraints on reporting space news? How do editors 
decide what is worth reporting? Frank Miles has been 


handling space stories on ITN since the 1960 — and might 
have some answers. 

29 April 1987 Symposium 

FUTURE SPACEPLANES 

A follow-up to the successful Hotol Symposium in 
November 1986. 'Future Spaceplanes' will be held at 
Millbank Tower, London SW1. Registration 9am, first lecture 
9.30am. Programme to be announced shortly. Registration 
forms available from The British Interplanetary Society, 27/ 
29 South Lambeth Road, London SW8 1SZ, England. 

6 May 1987,7-9 p.m. Lecture 

REVIEW OF THE SOVIET SPACE 
PROGRAMME 

by P.S. Clark 

For more than a decade, in terms of launch rates, the Soviet 
Union has dominated space activity. Many aspects of its 
space programme are shrouded in secrecy but a careful 
study of public information allows insights to be obtained 
into Soviet space programmes. Phillip Clark has been 
analysing the Soviet Programme for nearly two decades, and 
will presenta reviewintendedforthenon-specialistofrecent 
development and the future direction of the programme. 

6 June 1987 Symposium 

SOVIET ASTRONA UTICS 

Further details to be announced. 

LIBRARY 

The Society Library will be open to members from 5.30 p.m. 
to 7 p.m. on the following dates: 

28January 1987 
25 February 1987 
11 March 1987 
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TRANSFER TO FELLOW 

Under the Society's new Constitution and revised 
Bye-Laws, many Corporate Members (i.e. members 
whose date of election is earlier than 31 December 
1985) now become eligible for transfer to Fellow. On 
Payment of their renewal subscription for 1987, Corpo¬ 
rate Members will automatically be considered for 
transfer to Fellow and notified in due course. No indi¬ 
vidual application is required as the subscription rates 
for the two grades are now the same (£28.00, 
US$42.00) 

Any Non-Corporate Member may apply at any time 
for transfer to Fellow on the basis of contributed work. 
Details are available on request. 

Fellows are entitled to use the designation F.B.I.S. 

* * * 

Any member who renews for 1987 by payment of 


the rate applicable to Non-Corporate Membership 
(£22.00, US$33.00) will be automatically transferred to 
that grade. 

QUICKER OVERSEAS DELIVERY 

Arrangements have now been made for overseas 
readers to receive their copies of Spaceflight much 
more quickly. With effect from this issue. Spaceflight 
will be sent by accelerated surface mail. The new 
service is being made available at no extra charge. 

If all goes well, some readers, especially those at 
more distant addresses, may receive this issue ahead 
of that for December. Should this occur, please 
understand that the December number is following via 
the normal surface route. 


BOOK 

NOTICES 




Exploring the Night Sky with Binoculars 

Patrick Moore, Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge CB2 2RU. 1986. 
203pp. £11.95. 

Some people invest in a telescope to explore the night sky 
but, for others, stargazing through binoculars can be just as 
rewarding and can just as easily lead to the wish for a deeper 
knowledge of the universe around us. 

The author uses this work to reach such people, beginning 
with an explanation of the rudiments of astronomy and the 
selection of binoculars, before discussing the array of superb 
astronomical objects which it can show. 

Every object mentioned in the book has been examined 
by the author personally, using several pairs of binoculars 
for test purposes. He charts the night sky, season by season, 
and follows this with detailed descriptions, with maps of all 
the constellations, adding further comments on the use of 
binoculars for observing the Moon and planets. 


Space Commerce 

N. Goldman. Ballinger Publishing Company, Cambridge, 
Massachusets. 1985. 176pp. $25. 

Sub-titled 'Free Enterprise on the High Frontier', this 
timely analysis of space commerce provides a fascinating 
glimpse of the next horizon of human economy and society. 

Drawing on economics, law and political science the 
author presents a model for space commerce, covering 
space transportation, communications, satellites, remote 
sensing satellites and space manufacturing. 

The nine chapters lay out the origin and structure of space 
commerce globally, the space programmes and policies of 
spacefaring powers and some critical issues for decision¬ 
makers in government and private enterprise as we operate 
in a new realm of advanced technology competition. 


Of Stars and Men 

Zdenek Kopal, Adam Hilger, Techno House, Redcliffe Way, 
Bristol BS1 6NX. 1986, 486pp, £29.50. 

The 20th century has been a remarkable epoch in the 
affairs of men, a factor no less true in astronomy which now 
emerges as the ofdest yet the most modern of the sciences. 

At the beginning of this century most sky watchers were 
measuring positions and predicting celestial motions: 
nowadays, their modern counterparts call upon all the 
resources of modern technology to probe the nature and 
evolution of what has become a bewildering range of celes¬ 
tial objects. 

The author remembers well the more leisurely days when 
» scholars commanded such respect that astronomical congres¬ 
ses were visited by Heads of State. Yet, within his own life, 
Kopal has played an important role in the scientific prepara¬ 
tions for a manned lunar landing. 

This is an excellent book and everyone interested in 
background developments in astronomy will enjoy reading 
it. 


Guide To The Stars 

L. Peltier, Cambridge University Press, 32 E. 57 St., New York, 
NY 10022. 1986, pp. 185, $11.95. 

This is a book for the beginner written by an amateur 
astronomer of many years' standing who was not only active 
in the area of home-built telescopes but discovered 12 com¬ 
ets and four novae in the process. 

His latest book-is aimed at making the night sky intelligible 
to the casual observer - with the aid of many maps, much 
background information and advice on keeping a record of 
stellar observations which the keen amateur can complete 
for himself. 

However, the book is not restricted solely to the stars. 
Additional notes are provided on observing the Sun and 
Moon, the planets, comets and meteors. 


«*-. ■’'‘■■Si# ...jgB 

Photoquiz -■■■. 

y * -- : * 

Answer. The coastline is that of the ewi>m 
nean. The large 'late' is the Dead Sea, above which is th© 
Gulf of Akaba. 
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How to Feed a Spacecraft 


Spacecraft are voracious creatures. They live upon 
a diet of bits sent from Earth and arranged into pat¬ 
terns that fill the on-board computers with instructi- 
ions on how to carry out day-to-day operations. Tech¬ 
nically, the process that starts with the opeartional 
desires of scientists and engineers and ends with the 
transmission of a set of commands for use by the 
spacecraft's computer is called the ‘‘uplink". The 
transmission of data from the spacecraft and the sub¬ 
sequent reception, distribution, and analysis is called 
the "downlink". From two thirds to three quartets of a 
project's effort during operations centres upon the 
uplink, and some features of its structure will be 
examined. 

The task of producing a "load" for the on-board 
computers further fits the feeding metaphor because 
the bits are not continually sent to the spacecraft but, 
rather, are periodically uplinked as "meals". These 
meals serve to nourish the spacecraft from time spans 
of 12 hours to six months, depending upon the type of 
spacecraft and the phase of its mission. 

Not all of the instructions for the spacecraft are sent ’ 
as part of a load. From time-to-time, supplementary 
'real-time commands" are transmitted by the flight 
team (yes, spacecraft snack between meals). The real¬ 
time commands can serve a number of purposes: 
modify spacecraft behaviour to adapt to a changed 
environment since the ongoing load was built (often 
new knowledge, such as improved navigation data, by 
the flight team); correct errors discovered in the ongo¬ 
ing load; supply commands for which there was no 
room left in the original load; start or stop a critical 
branch of the load that needs the insight of last-minute 
judgment; or just say "hello". The last item is not as 
social as it sounds. Spacecraft often carry a command- 
loss timer so that if they receive no commands from . 


View of the dish antenna of the US Deep Space Network in the high desert area 
near Goldstone, California. 



Earth within a specified period of time, they take an 
autonomous set of actions based upon the assumption 
that their receiver has failed and the link to Earth has 
been severed (see the June 1986 edition of this column 
for the Voyager "backup mission load"). 

In >order to emphasize the distinction between real¬ 
time commands and the sequence of commands con¬ 
tained in a load, the latter is often called a "sequence 
load" or just a "sequence". To complete the lexicon, 
the practice of producing sequences is called 
"sequencing", and it is to this fundamental part of the 
uplink process that we shall turn, for sequencing is the, 
thread of activity upon which the flight team orients 
itself during operations. 

As with most human activities, even the most tech¬ 
nical, sequencing has a readily understandable overall 
structure, before a welter of details is encountered. 
Sequencing, like Gaul, can be divided into three parts: 
request generation, request integration, and sequence 
generation. The conclusion of this process is then 
accomplished by transmitting the sequence (load) to 
the spacecraft. 

Request generation begins with a sequence 
request, which is, as the term implies, a petition by a 
spacecraft user to include a certain activity in the sequ¬ 
ence that is being designed. For example, the rep¬ 
resentative of the imaging team might request that the 
spacecraft's camera be pointed at a designated star 
and a series of images taken, each with a specified filter 
and exposure time. A member of the spacecraft team 
might request that the antenna pattern of the space¬ 
craft's high-gain antenna be calibrated, to optimise the 
gain of the communication link with Earth. A request 
from the navigation team might be to perform a trajec¬ 
tory-correction manoeuvre. 

A significant fraction of these requests will come as 
no surprise, since mission planners will have previ¬ 
ously polled project elements to establish the major 
requests that will probably populate each phase of the 
mission. This planning is necessary in order to give 
forethought to meeting all project objectives and to 
avoid the unpleasant surprise of having too many 
sequence requests pile up at once. For periods of high 
science activity, such as planetary encounters, science 
planners will have generated in advance of the actual 
sequence design a detailed plan of activity. Also, scien¬ 
tists and engineers usually know throughout the mis¬ 
sion the location of major calibration activities for 
instruments and engineering subsystems. The 
strategy for trajectory correction manoeuvres is nor¬ 
mally worked out well in advance, yielding the tem¬ 
poral placement of the manoeuvres prior to the design 
of the sequences in which they will be placed. 

The sum of all requests for a given sequence will fre¬ 
quently exceed the resources available to implement 

The Voyager 2 Spacecraft depicted by artist Juttan Baum during its close \ 

encounter with Neptune's moon Triton which will occur in August 1989. ) 

©Julian Baum / 
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it. The size of the on-board computer is one limitation; than the time that is available during a mission and 

the number of hours required by the flight team to would result in too many errors being introduced into 

build the proposed sequence is another. A third limita- the sequence. Instead, the required programming is 

tion is the antenna coverage that will be available from done by a set of ground-based computer progarams: 

the Deep Space Network; sequences, of course, gener- the JPL Mission Sequence Software (MSS). One staple 

ate data that must be downlinked. The project may of the MSS is a program called SEQGEN (sequence 

deny a request on the grounds that it uses too much of generator) which conducts part of the programming 

a critical consumable or represents an unacceptable task and checks numerous constraints that each sequ- 

risk to the spacecraft or mission. ence must satisfy, e.g., do not point the camera too 

In a series of meetings, the requests will be sub- close to the Sun while imaging, 
jected to prioritisation, reduction in scope, or deletion. A second aid to sequence generation arose from the 

Finally, a set of requests emerges which, it is believed, realisation that certain activities, such as trajectory cor- 

can be fashioned into a sequence that meets project rection manoeuvres, are repeated time and again 

needs: request generation is complete. throughout a mission. These activities are captured in 

The second phase of sequencing is request integra- skeleton formbypiecesofsoftwareknownas"blocks" 
tion . The sequence requests are arranged into a time or "components." For a specific application, the 

order that optimally matches spacecraft and ground parameters for the case at hand are inserted into the 

capabilities. The integration phase requires the most block, and the MSS expands the block automatically 

creativity from sequence designers because a large into the full set of commands for the sequence. Since 

number of factors influence the placement of activities. blocks and components are tested thoroughly before 

For example, except during critical mission phases, use, this method adds both efficiency and reliability to 

engineering teams are fully staffed only during normal sequencing. Project Galileo has over 100 sequence 

working hours, so that sequenced activities which components available for use. 

need special monitoring by the flight team should not The output of the sequencing process is a "ground 
be placed at night, or on weekends, or on holidays, if command file" which is sent to the appropriate Deep 

possible. In order to avoid switching instruments on Space Station, at Goldstone (California), Canberra (Au- 

and off (cycling can affect lifetime of the instrument), stralia), or Madrid (Spain), and uplinked to the spacec- 

two instrument-usage requests should be placed in raft. Voyager sequence loads usually take somewhat 

close proximity, if possible, and many other rules of over an hour to transmit to the spacecraft and may be 

good sequencing are similary invoked in this design sent more than once to insure reception, 

phase. Although sequencing is a highly structured activity 

Another series of meetings is held from which the and usually proreeds according to plan, it can become 

approved integrated timeline for the sequencb one of the most dramatic parts of a mission. As Voy- 

emerges. This timeline is usually displayed in graphi- ager 2 sped -towards its, meeting with Uranus on 

cal form and represents a plan for the sequence. See January 24, 1986, sequencers raced against time to 

the following piece, "Automated Sequencing ", for the encode the latest navigational data into a revised sequ- 

assist that artificial intelligence techniques may soon ence. Ground computers hummed and accuracy 

be giving human sequencers in the development of checks were made of their outputs. Finally just a few 

such timelines. hours before the crucial portion of the sequence was to 

The third phase, sequence generation, could in prin- be executed on board the spacecraft, the critical 

ciple be done by a computer programmer sitting down updates were received from Earth. The corrections to 

and writing code for the spacecraft's computer. How- camera pointing and other key parameters yielded a 

ever, this labour-intensive activity would take longer near-perfect encounter. 

Automated Sequencing 

Will there come a day when a human on Earth can Last October 30 a demonstration was given at JPL of 
speak to a computer, and a spacecraft, millions of the ability of symbolic-processing software to produce 

kilometres away, will respond? That day is still quite a graphical timeline from science and engineering 

distant, but it has been brought closer by recent desires typed into the computer in English. The 

advances in spacecraft sequencing. demonstration of concepts was founded upon a simu- 

Spacecraft sequencing, described above as the gen- lated week in the mission of the proposed Comet 

eration of on-board computer programs to direct the Rendezvous Asteroid Flyby (CRAF) spacecraft. The 

day-to-day activities of a spacecraft, is currently facili- purpose of the demonstration was to display the 

tated by an extensive set of ground-based computer capabilities of this prototype software, which has been 

programs. Now, new sequencing methods involving developed by the Laboratory's Sequence Automation 

expert systems and artificial intelligence are being Research Group, in order to solicit comments and 

introduced at JPL to supplement classical techniques, suggestions from potential users at JPL. 

i.e., "symbolic processing" is being employed. Specifi- The software consists of two principal parts: 

cally, that part of sequencing which involves the con- (1) A program which translates the English-lan- 

struction of a "timeline" (a graphical display of plan- guage text of sequence requests, typed into the 

ned spacecraft events and associated ground events) machine, into a data base, and 

is being increasingly automated by use of symbolic (2) A program which, using symbolic-processing 

processing techniques; symbolic processing thrives techniques, derives a time-ordered sequence of 

upon knowledge bases, constraints, and rules of infer- spacecraft activities that carries out the original 

ence, while classical programming is more numeri- requests. The activities are displayed graphically in 

cally oriented and exhibits only relatively simple and the form of a timeline for ease of comprehension, 

rigid decision making. The translator, called a "parser" - according to the 
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dictionary a sentence is "parsed" by resolving it into its 
component parts and describing them grammatically 
- was developed by Dr. Boris Katz of MIT; Katz is a 
research scientist in MIT's Artificial Intelligence 
Laboratory. 

In addition to its parsing capability perse, the parser 
contains an inference engine, i.e., it can perform sim¬ 
ple deductions. The practical importance of the infer¬ 
ence capability is that the human can test the data base 
constructed by the parser to insure that it has correctly 
represented the English text. The test consists of sim¬ 
ple questions posed to the machine. For example, if the 
parser has been fed the sentence "Load the imaging 
table into the spacecraft's memory," the question, "Is 
the imaging table in the spacecraft's memory?" would 
be answered "yes". As elementary as this result is - 
the program has pursued the logical implication of the 
verb "load" - it is a good indicator that the parser 
translated and stored the material which it was given. 

An important application of the*parser, outside of 
the scope of the CRAF demo, is as an aid to date-base 
construction. Most projects have large quantities of 
information which they wish to capture and regain in a 
centralised location. This information can be of a num¬ 
erical nature or, more commonly, it may be statements 
of project rules and requirements. The parser repre¬ 
sents one way to assemble this store of data and, with 
the above-mentioned interrogation feature, the data 
base is rendered more useful. The larger the project 
the more difficult informatiion storage and retrieval 
becomes, so that Space Station wou Id be a strong can¬ 
didate for utilization of this technique. 

The third application of the parser, in addition to 
interrogation and data basing, is the one that is relev¬ 
ant to the CRAF demo: interface with other systems. 
Here, the other system is the symbolic processing 
program PLAN-IT, built by the Sequence Automation 
Research Group. In the past, PLAN-IT has been used 
for a variety of scheduling and planning problems 
related to Space Station and to Deep Space Network 
antennae. The PLAN-IT program and the parser prog¬ 
ram are written in the language LISP, which is the most 
widely used language in the field of artificial intelli¬ 
gence. The CRAF demo represents the first application 
of PLAN-IT to the problems of planetary missions. The 
planetary capability will be institutionalised at JPL by 
incorporating the software into the Laboratory's Space 
Flight Operations center, now under construction (see 
the October 1985 JBIS for a discussion of this facility). 

The primary function of PLAN-IT is to arrange the 
requested spacecraft activities relative to one another 
such that no conflicts over resources occur. For exam¬ 
ple, one must avoid using too many instruments at an 
instant of time such that electrical power from the 
spacecraft is oversubscribed or more data is generated 
than the spacecraft's data system can handle. 

The strategies by which PLAN-IT copes with conflict 
resolution are of two basic types and are selectable by 
the user. The first type is the set of global strategies, 
i.e., the machine attacks the whole scheduling problem 
and attempts to produce a timeline of events that is 
free from conflict. The user chooses the strategy which 
seems most appropriate at any stage in the develop¬ 
ment of the timeline. The second type of strategy is 
local. At any stage, the current conflicts are displayed 
on a television monitor screen and the user can specifi¬ 
cally identify portions of the developing timeline that 
are particular trouble spots and, by selecting the 
appropriate local strategy to deal with that trouble 
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spot, give, in effect, advice to the computer. 

The interplay between human and computer is 
extensive in the current system. In time, the automatic 
features of the system will probabliy increase at the 
expense of human participation. But, unlike chess¬ 
playing programs, it is not a goal to eliminate human 
participation; the goal is to produce good timelines in 
the most cost-effective manner. 

So, the day that sequencing is totally automatic is 
probably a long way off. Nevertheless, it is at least 
intriguing to imagine walking up to a computer, saying 
"I wantto goto Mars," and having mission and spacec¬ 
raft designs pop out! 

Future editions of this column will explore other arti- 
fical-intelligence activities at the Laboratory. 


Artist's representation of the Comet Rendezvous Asteroid Flyby (CRAF) 
spacecraft. 
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Towards the Stars 

The case for interstellar flight has been made with 
vigour through the pioneering work of Dr. Robert 
Forward, through the Society's Daedalus protect, and 
in the pages of the JBIS "Interstellar Studies' issues. 
And with Voyager 2 rushing toward an August 1989 
encounter with Neptune, the Solar System should 
soon be spanned, if only lightly explored. But what of 
the region between the planets and the stars - what 
plans exist for missions to this domain? It seems 
natural to probe cis-stellar space before making the 
long trek to the stars. 

Perhaps the first serious investigation of this prob¬ 
lem was conducted at JPL by Dr. Leonard Jaffe and col¬ 
laborators in the late 1970s (see JBIS, Vol 33, pp 3-26). 
This Interstellar Precursor Mission (IPM) presented a 
plan to send a spacecraft into the region of 400 to 1000 
A.U. from the Sun. An astronomical unit (A.U.) is the 
distance from Sun to Earth, approximately 150 millioh 
kilometres. To obtain a feel for the scale of this 
endeavour, note that Neptune is approximately 30 
A.U. from the Sun, while Proxima Centauri, the nearest 
star, is over 270,000 A.U. from the Sun. Thus, the mis¬ 
sion would not have come close to being interstellar, 
but it would have extended a significant distance 
beyond planetary space. 

The objectives of IPM, planned to last from 20 to 50 
years, were both scientific and engineering, with the 
latter pointed towards addressing some of the 
technological problems associated with interstellar 
flight. The primary scientific objectives included 
studies of the interstellar medium and cosmis-ray par¬ 
ticles and the determination of stellar distances by 
parallactic measurements. 

Parallactic measurements are based upon the 
astronomical fact that the nearer stars are seeb to shift 
their positions against the background of distant stars 
as the Earth moves around the Sun during the year. 

The TAU spacecraft is shown after it has been separated from the propulsion 
unit. The 1.5m astrometric telescope, contained in the cylindrical tube, is used 
for parallactic measurements. The 1.0m telescope for communications with 
Earth is contained in the octagonal tube. Physics experiments and RTGs (for 
electrical power) are placed on the other boom s. NASA/JPL 









Future visitors to the planet Pluto watch as an interstellar probe leaves the Solar System on a journey to the stars © R. Miller, Bantam Books. 

The "parallax" of a star is defined to be the maximum advances to the plans for penetrating cis-stellar space, 

apparent angular displacement it undergoes, mea- IfTAU were to become a funded project, a launch in 
sured in seconds of arc, as the Earth moves through about 2005 is envisaged with a mission duration of 50 

one quarter of its orbit. Then by simple trigonometry years and, as the name implies, a penetration of cis- 

the actual distance to the star is calculated to be 1/p stellar space to a distance if 1000 A.U. 
parsecs, where p is the parallax in arc seconds. The Study scientists Marjorie Meinel and Dr. Aden 
parsec, an astronomical unit of distance defined by this Meinel are leading the scientific definition of the TAU 

relation, is equal to approximately 3.26 light years. mission. Five principal areas of investigation are being 

The first stellar parallax was measured in 1838 by F. examined: (1) stellar parallaxes, (2) the heliopause, (3) 

W. Bessel for the star 61 Cygni and found to be 0.294 the interstellar medium, (4) galactic science/ 

arc seconds (3.4 parsecs). Until that time, the lack of astrophysics, and (5) solar-system science, 
detectable stellar parallaxes was counted as a mark The first rung of the cosmic distance scale is pro- 
against the Copernican heliocentric theory, and, in vided by parallactic measurements for nearby stars. To 

fact,thegreat seventeenth-century Danish astronomer measure the distance of objects beyond the range of 

Tycho Brahe rejected the Copernican theory on these this method, the period-luminosity relations of 

grounds; his astronometric methods, the best of the Cepheid variables can sometimes be utilised. It turns 

day, were only good to an accuracy of about 60 arc sec- out that the absolute brightness (luminosity) of one of 

onds. these variable stars is closely related to the period of its 

The IPM study was an interesting start, but it left variation. The latter quantity can easily be timed by 

many questions unanswered. A new study has been astronomers and then, using the relation between 

undertaken at JPL: the Thousand Astronomical Unit period and luminosity, its luminosity can be calcu- 

(TAU) mission. It brings new ideas and technological lated. A second calculation yields the Cepheid's dis- 
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tance by comparing its apparent brightness, as 
observed from Earth, with its previously calculated 
luminosity. The point of the TAU parallactic measure¬ 
ments of Cepheids is that their all-important period- 
luminosity relations can be more accurately calibrated 
as more Cepheid distances become directly known. 
According to Assistant Study Scientist Dr. Bonnie 
Buratti, TAU could measure the distances of at least 
600 known Cepheids. 

One application of the period-luminosity relation is 
to measure the periods of Cepheids in a galaxy, 
thereby allowing the calculation of that galaxy's dis¬ 
tance. 

A second astrophysical method of measuring dis¬ 
tance is based upon relations between colour and 
luminosity in various classes of stars (as shown in the 
so-called Hertzsprung-Russell (HR) diagram). By 
measuring the colour and using the HR diagram to 
infer luminosity one can, as with the Cepheids, then 
calculate the approximate distance to the star from 
observation of its apparent brightness. With the paral¬ 
lactic determination of distances using TAU, the col¬ 
our-luminosity relation can be defined more exactly. 

Both the Cepheid and the HR methods are, in turn, 
used to calibrate the redshift technique of calculating 
the distances of very distant objects. One consequence 
of the expanding universe isthat the lightfrom sources 
outside our galaxy is doppler shifted toward the red 
end of the spectrum. Using the distance-redshift rela¬ 
tion (Hubble's law), one can estimate the distance of a 
galaxy after measuring its redshift. Comparing this dis¬ 
tance, for nearer galaxies, with that obtained by using 

In this conceptual design for the TAU spacecraft, the 10 ion engines near the 
middle of the structure are shown thrusting. At one end of the spacecraft, coa¬ 
xial with the main boom, is the large cylindrical nuclear reactor. At the other 
end are two telescopes; the 1.0m telescope with the octagonal tube is used for 
communication with Earth, and the 1.5m astrometric telescope with the cylin¬ 
drical tube is usedf or parallactic measurements. Various physics experiments 
are hung on smaller booms at this end NASA/JPL 



Cepheid or HR methods for those galaxies yields an 
improved precision for all redshift measurements. 

With the 1.5m astrometric telescope on TAU, long- 
baseline parallactic measurements could extend our 
knowledge of accurately known stellar distances outto 
500,000 parsecs, which would include the Magellanic 
clouds - satellite galaxies of our Milky Way galaxy. For 
comparison, from Earth the limit is about 120 parsecs, 
while a 1.5m telescope in Earth orbit would be effective 
to about 1000 parsecs. 

In addition to improving the accuracy of the cosmic 
distance scale, TAU parallactic results would sharpen 
the model of the structure of our galaxy by determin¬ 
ing the location of many of the stars which comprise it. 

The heliopause, the second area of TAU investiga¬ 
tions, is the region where the influence of the solar 
wind yields to interstellar dynamics. It may be some¬ 
where between 50 and 100 A.U., or even further, from 
the Sun. TAU could measure the dust distribution 
across the transition zone and characterise the fields 
and particles environment of this region 

The interstellar medium has been studied from 
Earth by remote sensing methods, but in situ studies 
with TAU would provide an unparalleled chance to 
gain insight into this pervasive structure; composition, 
magnetic field strength, plasma waves, and energetic 
particle populations could all be characterised. Several 
astrophysical studies are being considered, including 
gravitation-wave detection, local galactic gravita¬ 
tional-field structure, and low-frequency radio 
astronomy (not possible inside the heliosphere). And, 
of course, the astrophysical benefits of parallactic 
measurements augment this category. 

Among the solar-system scientific goals are studies 
of the dust distribution (by imaging) and determina¬ 
tion of the total solar-system mass (from the effect of 
that mass upon the trajectory of the spacecraft). 

The design of the spacecraft is still evolving, but 
some preliminary estimates of subsystem functional 
capabilities and properties are possible. 

Three new technologies are required: a nuclear- 
reactor power source, electric ion propulsion, and opti¬ 
cal laser communication, but all three are under 
development. The first two items would be utilised in 
the nuclear electric propulsion system that is required 
to accelerate the 24,000 kg spacecraft to velocities up 
to 100 km/s. The optical communication link would 
allow data rates up to 20 kilobits per second at 1000 
A.U. - approximately the maximum achieved by Voy- 
uager 2 at Uranus, at a range of 20 A.U., using radio 
communication (at X-band). The "antenna" for TAU 
would be a one metre optical telescope, distinct from 
that used for scientific observations. 

The payload of the spacecraft is estimated to be 
about 3000 kg, with 21,000 kg allocated to propulsion, 
including a 4000 kg reactor. The spacecraft itself would 
be separated from the propulsion unit after termina¬ 
tion of thrusting (10 years) and would slowly rotate 
about the axis of the optical-communications tele¬ 
scope. This rotation sets the limit of the maximum 
exposure time and, hence, the faintest star that can be 
seen: about 23rd magnitude. 

The ion engines, thrusting perpendicular to the long 
axis of the 40m vehicle, would send TAU out of the 
solar system in the plane of the ecliptic and toward the 
apex of the solar motion, i.e., where the heliopause 
would be closest to the Sun. 

It is refreshing to see a mission on the drawing 
board that could extend our explorations to some of 
the ranges that match our imaginations. 

SPACEFLIGHT, Vol. 29, January 1987 
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UK Delegation Visits Beijing and Shanghai 


In 1985 Mr. Geoffery Pattie, Minister of State for Information Technology at 
the Department of Trade and Industry, signed an Memorandum of Understand¬ 
ing with the Ministry of Astronautics of the People's Republic of China in which 
uuac anraaH *n cn-nnotato • r| space science and technology. 



Mr. Roy Gibson, Director General of the BNSC, is welcomed by senior rep¬ 
resentatives of the Shanghai Institute of Satellite Engineering during the visit 
of the UK party to Shanghai. 


Preparation of the Chinese CZ-3 vehicle for the launch of a communications 
satellite from the Xichang launch site which became operational in 1984. CZ is 
an abbreviation for “Chang Zheng" - Long March. 


Since then the UK has received a number of visitors 
rrom the PRC who have been shown what is going on 
in the British aerospace industry and in Government 
establishments. The aim has been to identify a number 
of candidate areas which seem to be suitable for co¬ 
operation between the two countries. 

This led to an invitation for BNSC to visit the PRC in 
December last year to take part in the first formal joint 
meeting under the cooperative agreement. The dele¬ 
gation, headed by Roy Gibson, Director General of the 
BNSC, consisted of senior representatives from vari¬ 
ous parts of the BNSC, plus two representatives from 
industry; Mr. Mike Painter of Marconi Space Systems 
and Mr. Pierre Diederich of Racal Decca Advanced Sys¬ 
tems. 

The UK party was in China from December 1-10 and 
visited Beijing and Shanghai; the planned visit to the 
Long March launch site in Xichang was thwarted by 
three days of fog at Chengdu, and had to be postponed 
until the next visit - probably in June 1987. 

The delegation, in addition to meeting the Minister 
of Astronautics, Mr. Li Xu'E and his deputy. Professor 
Sun Jia Dong, was received in the great Hall of the 
People by Professor Song Jian, Science & Technology 
Councillor. Professor Song was very positive about 
the prospects of identifying space projects on which 
PRC and the UK could work together. 

In a meeting with the Chinese Academy of Science, 
Mr. Gibson transmitted the fraternal greetings of the 
British Interplanetary Society and urged the Chinese 
societies to ensure a significant PRC participation in 
the 1987 IAF Congress to be held in Brighton. 

It was agreed to follow up the discussions on the 
various candidate areas and to take stock of progress 
in June. 
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Current interest in Soviet space activity is shown by the following selec¬ 
tion of readers' letters: 


Soviet Space Activity 

Sir, Bart Hendrickx (Spaceflight January 1987, p.16) states 
that "the Soviets strictly follow their mysterious two month 
interval between visiting trips". Why the mystery? It was 
explained in my 1979 Spaceflight paper [1], Basically, the 
orbit of Salyut (or now, Mir) precessed such that the nodes 
circled the celestial equator every two months: neglecting 
minor seasonal variations, the lighting conditionsfor launch 
and recovery repeat every two months. The visiting missions 
were timed so that they would return during the landing win¬ 
dows which last for 5-8 days each two months period, and 
they were launched a few days before a landing window 
opened. 

David Anderman's comments about the masses of vari¬ 
ous Soviet spacecraft and rockets echos my own work com¬ 
pleted in 1983(2], He discusses the Meteor flights in particu¬ 
lar, trying to equate the flights with the launch vehicles. 
Perhaps the following analysis based only upon the orbits 
and Soviet cumulative masses may be interesting. 

The original Meteor-1 series of missions can be split into 
two groups: eight flights had orbital periods of 97-98 
minutes and 20 had periods of 102.4 minutes. All the Meteor- 
2 flights flew in 102.4 minute orbits. The Soviets originally 
said that the Meteor satellites used the "Vostok" (SL-3) boos¬ 
ter, but this was before the high orbit missions began. The 
high orbit Meteor-2 missions are all credited to the Soyuz 
(SL-4) booster, as are the retrograde orbit Meteor-Priroda 
satellites. 

The orbital stage of the SL-3 booster is about 1.45 tonnes 
and that for Soyuz about 2.35 tonnes. Using these masses 
suggests that of the 42 launches in the Meteor-1/Meteor-2/ 
Meteor-Priroda series, 15 used the SL-3 and 27 the SL-4. This 
would give rocket masses of 73.45 tonnes for the 1980 


cumulative total (vs Glushko's 75.22 tonnes) and 85.20 ton¬ 
nes for the 1984 cumulative total (vs Glushko's 84.22 tonnes). 
These figures are not in perfect agreement, but then again a 
detailed study of Glushko's data shows that his data includes 
arithmetical errors. 

Considering the SL-3 launch of Intercosmos/Bulgaria- 
1300, the payload was placed in an orbit somewhat lower 
than that for the Meteor-2 satellites, and the payload uses a 
Meteor "bus" but without all the meteorological equipment. 
Possibly the SL-3 could not lift a Meteor-2 class payload to 
the normal high orbit? It seems probable that the Meteor-2 
and Meteor-3 launches are now made using the Scarp- 
derived SL-14 booster, although the change should not sig¬ 
nificantly alter the numerical data quoted above. 

As a finale, the following data is implied by Glushko's 
tables:- 

Salyut 7 mass 19.92 tonnes 

Salyut 7 rocket mass 4.4 tonnes 

Salyut 6 mass (as quoted) 19824 kg 

Salyut 1-6 rocket masses 5.61 tonnes 

Proton 4 orbital stage 56 tonnes (= Salyut stage) 

Proton 1-3 orbital stages 13.18 tonnes 

On Proton 4 the third stage of the booster went into orbit, and 
on Protons 1-3 it was the second stage which was orbital. 

P.S. CLARK 
London 

RflfuwKai 

1. Philip S. Clark, 'Soyuz Missions to Salyut Stations', Spmorflight vol 21, pp 259-263 
(1979). 

2. Phillip S. Clark, "Soviet Spacecraft Masses For Earth Orbital Programmes', JBtS, vol 38, 
pp. 19-24 (1985). 


Proton Launch Rates 

Sir, The Soviet space organisation Glavkosmos, as part of its 
marketing effort for the Proton launcher, recently revealed 
some details about the operational history of this long-mys¬ 
terious space vehicle [1]. The version of the Proton being 
marketed, the D.-1-E (SL-12), was described as a four-stage 
launcher, with a capability to send a 1500 kilogram payload 
to geosynchronous orbit. The Soviets reported that there are 
two Proton launch pads at Baikonur, located about 600 
metres apart. 

Most importantly, the Soviets produced a chart listing the 
numbers of SL-12's launched successfully (and unsuccess¬ 
fully!) since the early L970's. Some interesting conclusions 
can be drawn from this data, presented in Table 1. The 1970 
launch of Cosmos 382 can now be attributed to the SL-12, 
rather than some unusual variant of the Proton. More 


recently, all the Cosmos 1603-class satellites apparently 
have been orbited by the SL-12, with the possible exception 
of Cosmos 1714. This seems to contradict reports that these 
spacecraft may have been launched by a new Soviet 
medium-lift booster. 

The Soviets also reported that construction of the MIR 
space station will take another five years, with the first 
expansion module, an astrophysics lab, to be orbited before 
mid-1987 [2]. 

DAVID ANDERMAN 
California 

REFBtENCES 

1. “Soviets Offer Commercial Leases of Gorizont Communications Satellites', Aviation 
Week, December 8,1986, p. 25. 

2. 'Mir Today, Mars Tomorrow", Aerospace America, December 1986, pp. 6-8. 


Table. 1: Proton Launch Rates 1970-1985. 



1970 

1971 

1972 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 

Total 

SL-12 

4 

5 

1 

5 

4 

4 

3 

2 

4 

5 

5 

6 

7 

11 

13 

9 

88 

SL-13 

0 

1 

0 

2 

2 

0 

2 

2 

1 

1 

0 

1 

1 

1 

0 

2 

16 

Total 

4 

6 

1 

7 

6 

4 

5 

4 

5 

6 

5 

7 

8 

12 

13 

11 

104 


Notes 


The SL-12 date is supplied by Glavkosmos, as reported by Aviation Week magazine. December 8,1966, page 
25. 

The SL-13 data, and overall numbers of Proton launches are derived from several sources: 

The ME Table of Earth Satellites, 1983-1985. Royal Aircraft EsteMMwnent. January 1966, Farnborough, Eng¬ 
land. 


The Soviet Year in Space - 1984, Nicholas L. Johnson, Teledyne Brown Engineering, Colorado Springs. 
The Soviet Year m Space - 198S, Nicholas L Johnson, Teledyne Brown Engineering. Colorado Springs. 
~Les Champa de Tir Dana Le Monde". - Aeronautique et L'Astronautique, 1962 Number 4, pp. 65-69. 
'Sower Launch Vehicles -An Overview", P.S. Clark, JBtS 1982, pp. 51 -58. 
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Soviet Booster Failures 

Sir, Could you tell me if the Soviet Union has successfully 
launched its G1 booster rocket, since the three launch fai¬ 
lures ending 1972? 

Hoping you can help me in anyway. 

R. ALWAY 
Gloucester, UK 

Ed. A response to Mr. Alway's enquiry has been provided by 
Phillip S. Clark as follows: 

The Type-G vehicle is credited with three orbital attempts: 
the first exploded on the pad on 3-4 July 1969 and the second 
two wfil'e launched and lost on 23-24 June 1971 and 24 
November 1972. In 1975 there were some reports that new 
Type-G boosters were on the pads in the summer months, 
but if anything appeared on the launch pads they were only 
facilities test vehicles, not flight-rated boosters. 

After the 1972 failure, the original Type-G booster (desig¬ 
nated SL-15 by the US Department of Defense) was scrap¬ 
ped, and in the mid-1970s work began on a-new family of 
launch vehicles. The Medium Lift SL-16 booster (15-20 tonne 
orbital capacity) Heavy Lift SL-W booster (150-280 tonnes to 
Earth orbit, depending upon configuration) has been tested 
on the pad, but there was no launch attempt to the end of 
1986: the SL-16 first stage is probably used as strap-ons for 
the SL-W vehicle. The SL-W can be used either as an unman¬ 
ned booster or it can carry the large Soviet Shuttle orbiter 
into space (first flight due in 1988?). 

Training Errors 

Sir, In Soviet Scene ( Spaceflight , December 1986, p. 424- 
425), French cosmonauts Jean-Loup Chr6tien and Michel 
Toignini were reported to have begun training for the 1988 
Soviet-French Mir mission in September 1986. However, the 
Soviets announced that the two "spationauts" only arrived 
in Moscowon November 15 and started training at the Gaga¬ 
rin Cosmonaut Training Centre several days later. 

Writing also on the July 16 return of the Soyuz T-15 
spacecraft, Neville Kidger says the command for retrofire 
was given at 12.05 GMT, which would appear to be inconsis¬ 
tent with the (correct) entry interface and touchdown times 
of 12.11 and 12.34 respectively. Soyuz spacecraft fire their 
deorbit engines aboutfifty minutes before landing and to the 
best of my knowledge Soyuz T-15 was no exception to that 
rule. The 207 second burn got underway at approximately 
11.44, as can be deduced from the live reports on the space¬ 
craft's return broadcast by the Soviet "Mayak' radio station. 
The vehicle was flying over the South Atlantic (close to South 
America) at the time and communications were'being 
relayed through the tracking ship "Georgiy Dobrovolskiy", 
said space reporter Sergei Zehelznyak, who was covering the 
Soyuz T-15 landing for Mayak from Mission Control in Kali¬ 
nin. 

BARTHENDRICKX 

Belgium 


Canadian Takes Second Place 

Sir, Regarding Philip Chien's article "The Mapleleaf In 
Space" (Spaceflight January 1987, p.24) I would just like to 
point out that the first Commonwealth subject to go into 
space was not the Canadian astronaut Marc Garneau - 
launched on October 5,1984 - but the Indian astronaut Sqn 
Ldr. Rakesh Sharma who flew aboard Soyuz T-11 on April 3, 
1984. 

T. STRATHAM 
Watford, Herts 


Shuttle Safety 

Sir, I was very interested to read the article New Solid Rocket 
Motor Design in "Up-date USA" Spaceflight, November 
1986, p.377-8. I appreciate this will offer several safety fea¬ 
tures which will help to prevent future Shuttle accidents. I 
understand that the Shuttle programme is currently review¬ 
ing astronaut safety in the event of early Shuttle aborts. In all 
my reading I have not come across a discussion of procedure 
in the event of failure of one SRB to fire. Presumably launch 
would not be possible because of the asymmetry produced. 
Could astronauts be rescued from the Shuttle cockpit on the 
pad? Also, could a Shuttle remain on the pad until the SRB 
had exhausted the solid fuel supply? 

J.R. MURPHY 
Gloucester, UK 


Crew Escape Systems 

Sir, With regard to the redesign of the Shuttle Orbiter escape 
systems (Spaceflight January 1987, p.13), could someone 
please comment on this suggestion? 

One small solid rocket pod mounted on each wingtip. In 
the event of an emergency during the initial ascent mode 
these could, with the ET/SRB separation, pull the Orbiter 
away from the "stack" preventing the possible "hang up" of 
the Orbiter as highlighted during the report of 51L. This 
would at least get the Orbiter away from danger and the 
chance of a return to launch site. 

During a normal ascent the pods would be separated at 
the same time as the external tank. An explosive bolt would 
separate a retaining strap from the Orbiter wingtip with a 
drogue chute deploying shortly after. This would deploy the 
main chute with the recovery beacon coming on at the same 
time. 

J.S. ANDERSON 
Liverpool 


★ ★ ★ 


6 June 1987, 10 am to S pm Symposium 

THE 

SOVIET 

SPACE 

PROGRAMME 


Offers of papers are invited. Society members with a 
special interest in the Soviet Space Programme are 
invited to attend the symposium to be held at the BIS 
HQ, London. 

☆ ☆ ☆ 

A registration fee of £5.00 is payable. Forms are availa¬ 
ble from the Executive Secretary, British Interplanetary 
Society, 27/29 South Lambeth Road, London SW8 1SZ. 
Please enclose a stamped addressed envelope. 
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Armstrong on the Moon 

Sir, It was with interest that I read John H. Fadum's letter 
(Spaceflight December 1986, p.417) concerning photo¬ 
graphy of Neil Armstrong on the lunar surface during the 
Apollo 11 mission. I have recently been carrying out research 
on this very subject. 

It has always puzzled me as to why no one provided for a 
Hasselblad photograph of the Apollo 11 commander on the 
lunar surface - especially considering the historical signifi¬ 
cance of the event. According to the flight plan, Armstrong 
was scheduled to photograph Aldrin on two separate occa¬ 
sions during the moonwalk but the reverse was not true, 
despite the fact that Aldrin did use the Hasselblad to take a 
series of photographs. Armstrong, as we know, did not fol¬ 
low the {Ijght plan rigorously and took many photographs of 
Aldrin. Aldrin, it seemc. !:ept rigidly to the plan and made no 
effort to photograph Armstrong. The fact that the flight plan 
did not allowfor a photograph of A rmstrong seems a curious 
omission on the part of the flight planners. 

It would not-have been difficult for Aldrin to photograph 
his commander on the lunar surface during the time he had 
the camera. One NASA/JSC source I have contacted has 
stated that the reason Aldrin did not photograph Armstrong 
was related to a problem which occurred some months 


before the mission. The original plan for the moonwalk 
required Aldrin to be the first onto the surface with 
Armstrong following. Armstrong, as commander, felt that he 
should be the first. NASA agreed and so Aldrin became the 
second man on the Moon. 

Armstrong, being the private person he is, was probably 
not overly concerned with having photographs of himself 
taken by Aldrin while on the Moon. However, Armstrong has 
stated on at least two occasions which I know of, that Aldrin 
took a number of photographs, including at least one which 
shows himself in the background. Armstrong has been 
unable to give the identification number of the print in ques¬ 
tion. To date, Neil Armstrong is the only person I know of 
who believes that a Hasselblad photograph of himself on the 
lunar surface exists. Richard Underwood, who processed the 
Apollo 11 Hasselblad film is adamant that no such photo¬ 
graph of Armstrong exists. Could Armstrong be thinking of 
the famous view of Aldrin with the Apollo 11 commander 
reflected in the lunar module pilot's visor? I would be 
interested to hear from anyone who might be able to shed 
some light on this matter. 

KEITH T. WILSON 
Strathclyde 


Edwin 'Buzz' Aldrin stands among the 'magnificent desolation' of the lunar landscape with Armstrong and Eagle reflected in his vizor. This is perhaps the most 
frequently reproduced photc raph from all the Apollo 11 surface pictures, but no comparable photograph is available of Armstrong, the first man on the Moon. 
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SPACE STA TION: Role of EL Vs Assessed 


A NASA team has recommended against the use of 
Expendable Launch Vehicles (ELVs), both existing and 
those due to come into operation, for Space Station 
construction. 

The potential for ELVs was examined as part of a 
major review by NASA during 1986 and analysis 
showed that schedules could be improved by between 
four and nine months if Space Shuttle missions were 
supplemented by ELVs. 

However, ELVs would increase the amount of Extra 
Vehicular Activity required during the first four Sta¬ 
tion-dedicated Shuttle assembly flights by between 10 
and 40 per cent, would require basing an Orbital Man¬ 
oeuvring Vehicle at the Station throughout the assem¬ 
bly phase to control, boost and re-boost passive struc¬ 
tural elements, and could impact the weight and 
design of Space Station components because of the 
higher dynamic forces associated with ELVs. 

The analysis also demonstrated that the accelerated 
assembly schedule was dependent upon retaining the 
planned Shuttle flight rate to support assembly of the 
Station and required the availability of as many as 
three Titan 4 launches during the first two years of Sta¬ 
tion assembly activity. 

NASA's Space Station Office has concluded that the 
substantial technical and programmatic uncertainties, 
the increased operational risks associated with the use 
of ELVs for the initial assembly phase and the increase 
in costs required to compensate for these uncertanties 
and risks far out weighed the marginal schedule 
benefits to the Space Station programme. 


The programme will, however, continue to retain 
the option of using an expendable launch vehicle to 
launch the polar platform, one of two unmanned free- 
flyers that are components of the Space Station. The 
study group concluded an ELV could be used to launch 
the high inclination platform in the event of a delayed 
reactivation of the Shuttle launch site at Vandenberg 
Air Force Base. 

NASA's current launch manifest allows for the first 
Space Station - related Shuttle flight in early 1993, fol¬ 
lowed by a further four missions before the end of the 
year. In 1994 another seven Shuttle flights for Space 
Station construction are planned. 

NEXT GENERATION SATELLITE 

Spar Aerospace has signed a $200 million contract 
with Telesat Canada for two Anik E communications 
satellites which will be the largest and most powerful 
dual-band satellites to be placed in commercial service 
for North America. 

_ The satellites will take three years to build and are 
scheduled for launch in 1990. 

Spar was also prime contractor for Telesat's two 
Anik D communications satellites. Most recently, the 
company built two satellites for Brazil, the first satellite 
communications system for Latin America, (see page 
88 ). 



First 

Flight 

)Nork 

The Orbiter Discovery, 
scheduled to be used 
for the ffcst flight 
when Shuttle opera¬ 
tions resume in 1988, 
was rolled into the 
Orbiter Processing 
Facility recently at 
KSC as a first step in 
the preparations for 
1 launch. 
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Veteran Crew for Next Shuttle Flight 


The flight crew for Shuttle mission 26, scheduled 
for launch on February 18, 1988, was announced by 
Rear Admiral Richard H. Truly, NASA Associate 
Administrator for Space Flight, at the beginning of last 
month (January). 

The mission will be commanded by Frederick H. 
Hauck (Captain, USN), currently assigned as Acting 
Associate Administrator for External Relations, NASA 
Headquarters, Washington. Hauck previously com¬ 
manded mission 51A in November 1984 and served as 
pilot on STS-7 in June 1983. He will resume his 
astronaut duties during the first week of February. 

Richard 0. Covey (Lt. Col., USAF) will be the pilot on 
this mission. Covey served as pilot on flight 511 in 
August 1985. 

Mission specialists for the mission will be John M. 
Lounge, who flew as a mission specialist on flight 511; 
George D. Nelson, who served as a mission specialist 
on flights 41C in April 1984 and 61C in January 1986; 
and David C. Hilmers (Major, USMC), who flew as a 
mission specialist on flight 51J in October 1985. 

In announcing the crew, Adm. Truly said: "Thenam- 


Frederick H. Hauk 

ing of the crew for the next flight is a major event in the 
process of returning the Shuttle to flight. I am particu¬ 
larly pleased to assemble a group of such experienced 
individuals led by one of our senior space flight vete¬ 
rans and I am very proud of them.' 

The primary payload for the four day mission is the 
Tracking and Data Relay Satellite (TDRS), a NASA com¬ 
munications satellite. 



FLIGHTS TO CHECK OXIDATION ' 

Unique features of the Space Shuttle have brought 
to light two unexpected phenomena that affect space¬ 
craft orbiting at low orbital heights: 

1. The erosion of materials due to reactions with 
atomic oxygen, which is the main atmospheric 
gas at these heights. 

2. The indication of a glowing region near the sur¬ 
face of some Shuttle materials exposed to the 
ram environment. Rapid enhancements of 
these surface glows are found to occur at the 
time of Orbiter thruster firings. 

It became obvious with the first Shuttle flight that 
various materials exposed to the environment had 
undergone changes, such as loss of surface gloss, an 
apparent 'aging' of painted surfaces as well as a reduc¬ 
tion of film thickness, i.e. a loss of material. 

On subsequent flights, the effects of the space envi¬ 
ronment on a greater variety of exposed materials 
have been observed. Tests with protective coatings on 
various main materials were carried out on earlier 
Shuttle flights and substantial reductions, by 10 2 to 10 3 , 
in the loss of material were achieved. More sophisti¬ 
cated experiments are currently under construction for 
introduction when Shuttle flights resume. 

The glow phonomenon was first recorded in the 
Shuttle programme when night-time photographs, 
taken by the crew of STS-3, revealed a reddish glow 
originating on and above vehicle surfaces exposed to 
the ram direction. The design of the Orbiter payload 
bay to allow complete astronaut observation has 
allowed greater viewing of surfaces exposed to the 
ram environment and resulted in greaterawarenessof 
the glow than with previous manned missions. 


METEOROLOGY OPERATIONS 

Eumetsat, an organisation which represents the 
national meteorological interests of 16 European 
states, is to take over the operation of European 
weather satellites and assume responsibility for the 
Meteosat Operational Satellites programme. 

The MOS programme, developed by the European 
Space Agency (ESA), is due to operate until the end of 
1995 with the launching of three new satellites over the 
next four years. 

These satellites will replace the two pre-operatiorial 
Meteosat satellites which were launched in 1977 and 
1981. The latter, with an expected life of three years, is 
still functioning with exceptional reliability. 

Whilst the construction, launch, control in orbit and 
data processing of the satellites will continue to be an 
ESA responsibility, Eumetsat will look after the prog¬ 
ramme's funding and all external relations. 

Eumetsat was formed in June last year and its head¬ 
quarters are in Darmstadt, Germany. The European 
Space Agency's Operations Centre (ESOC) is also at 
Darmstadt. 

The member states of Eumetsat are: Belgium, 
Denmark, Federal Republic of Germany, Finland, 
France, Greece, Ireland, Italy, Norway, Portugal, Spain, 
Sweden, Switzerland, the Netherlands, Turkey and the 
United Kingdom. 


JAPANESE X-RA Y SATELLITE 

A science payload to study X-ray emissions from 
deep space is due to be launched by Japan at the 
beginning of this month (February). 

Astro-C, an 924 lb satellite, will be launched from the 
Tanegashima site by a Nissan-built vehicle. 
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PAYLOAD SWITCHED TO DELTA 

The Cosmic Background Explorer (COBE) satellite is 
to be launched on a Delta expendable rocket rather 
than the Space Shuttle in an effort to reduce the 
backlog of science payloads that cannot be accommo¬ 
dated by the Shuttle. 

COBE will be launched into a 560 mile. Sun-syn¬ 
chronous orbit from Vandenberg Air Force Base, 
California, in early 1989. 

Carrying three scientific instruments, COBE is 
designed to study background radiation from the "Big 
Bang", a theory which explains the expansion of the 
universe by a primeval explosion 15 billion years ago. 

Originally scheduled for deployment from the 
Space Shuttle in July 1988, COBE is one of several sci¬ 
ence payloads awaiting launch as a result of the Chal¬ 
lenger accident. * 

The switch from Shuttle to Delta will mean a reduc¬ 
tion in the weight of COBE from 10,500 pounds to 5,000 
pounds and reduction in size from 15 feet to eight feet 
in diameter. 

Scaling down the spacecraft will require a redesign 
of the primary structure, a reconfiguration of its solar 
arrays, thermal shield and the differential microwave 
radiometer receiver. 


OVEN READY FOR BREAD TEST 

The oven designed to bake the first bread in space is 
ready for launch as soon as Shuttle flights resume. 
Spar, Monarch Flour and Telesat Canada are co-spon- 
sors of a self-contained experiment suggested by ten 
Canadians. The oven was designed and built by Tele- 
sat Canada and is being stored in a clean room at their 
Ottawa facility. 

The experiment is part of a low-cost NASA prog¬ 
ramme for experiment packages, known as Getaway 
Specials, mounted in the Space Shuttle cargo bay. The 
bread experiment will test the reaction of yeast and 
other ingredients in the weightlessness of space. 


NEW ZEALAND AUSSA T DEAL 

New Zealand has entered the domestic telecom¬ 
munications satellite business with the signing of a 
contract allotting it ten percent of the transponder 
capacity on Australia's Aussat-3 satellite, due to be 
lofted by a European Ariane launcher in March, writes 
David Maciennan. 

The five-year contract was signed in Sydney, 
Australia, on November 25,1986 by Derek Rose, assis¬ 
tant director-general of the New Zealand Post Office 
(NZPO) and Aussat managing director Graham 
Gosewinckel. 

The capacity to be used by NZPO wi II be for distribu¬ 
tion of domestic services within New Zealand, includ¬ 
ing television programmes, videoconferencing and 
high-speed data and facsimile services, as well as for 
improving telecommunications services to remote 
areas of New Zealand and some offshore territories. 


NZPO will use all of one of Aussat-3's 30w transpon¬ 
ders for television distribution, and part of a lower 
powered 12w transponder for other telecommunica¬ 
tion services. 

According to Rose, NZPO plans to provide terminals 
at a nominal cost to allow New Zealanders to gain 
experience with the new service. Among those who 
could be interested are banks wanting to devleop elec¬ 
tronic banking services, though as yet no formal con¬ 
tracts with New Zealand customers have been signed. 

New Zealand's Postmaster-General Jonathan Hunt 
said that the new service provides New Zealand with 
an exciting opportunity to gain first hand experience in 
the use of Earth stations for a wide variety of services. 

"The experience Will stand us in good stead for 
future projects, such as joint venture design and 
launch of purpose-built satellites to provide an even 
wider range of service," he added, referring to NZPO 
discussions with Aussat on the design and develop¬ 
ment of a second-generation Aussat system for the 
early 1990s. 

Aussat-3 is scheduled for launch next month 
(March) aboard an Ariane 3. It will be placed in geos¬ 
tationary orbit over the equator at 164 degrees east. 


Australia's Aussat communications satellite uses a unique three-reflector 
antenna system to form its regional and national transmit and receive beams. 
In its launch ready position with the antenna folded down, Aussat, built by the 
Space and Communications Group of Hughes Aircraft Company, is only nine 
feet high. On orbit, the antenna is erected and its telescoping solar array 
depolyed to stretch Aussat to nearly 22 feet in height. Hughes 
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SATELLITE 
DIGEST-199 

Robert D. Christy 

Continued from the January, 1987 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. 

The heading to each launch gives the name of the 
satellite, its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 


COSMOS 1783, 1986-75A, 16993. 
Launched: 1300, 3 October 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in which case it has a 
cylindrical body with a conical orbital 
adjustment motor section at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabilisation is probably by the use of 
momentum wheels. The length is about 
4 m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Apparently intended to be part of 
the USSR's ballistic missile early warning 
system, but it was left in a useless orbit 
due to an early shut-down of the final roc¬ 
ket stage. 

Orbit: 598 x 20058 km, 358.15 min, 62.77 
deg. 


CHINA 19, 1986-76A, 17001 
Launched: 0538, 6 October 1986 from 
Shuang Cheng Tse by Long March 2. 
Spacecraft data: not available 
Mission: Earth resources photography, a 
capsule containing film and, possibly, the 
cameras was recovered on 11 October. 
Orbit: 172 x 387 km, 90.07 min, 56.97 deg. 


COSMOS 1784, 1986-77 A, 17003 
Launched: 0740, 6 October 1986 from 
Tyuratam by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance, 
re-entered after 36 days. 

Orbit: 211 x 281 km, 89.43 min, 64.76 deg, 
manoeuvrable. 


COSMOS 1785, 1986-78A, 17031 
Launched: 0930, 15 October 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in which case it has a 
cylindrical body with a conical orbital 
adjustement motor section at one end. 
The opposite end of the vehicle carries 
sensors and a solar panel array set in a 
plane at right angles to the main axis of the 


body. Stablisation is probably by the use 
of momentum wheels. The length is about 
4 m, the maximum diameter about 1.6 m 
and the mass around 1800 kg. 

Mission: Part of the USSR's ballistic mis¬ 
sile early warning system. 

Orbit: Initially 596 x 39299 km, 708.49 min, 
63.03 deg, then raised to 595 x 39740 km, 
717.39 min, 63.03 deg to ensure daily 
repeats of the ground track. 


MOLNIYA-3 (30), 1986-79A, 17038 
Launched: 0850, 20 October 198f from 
Plesetsk by A-2-e. 

Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section 
atoneend.The opposite e nd of the vehicle 
carries communications aerials and a 
'windmill' of six solar panels set in a plane 
at right angles to the main axis of the 
body. Stabilisation is by the use of 
momentum wheels. The length is about 
4 m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Communications satellite pro¬ 
viding telephone, telegraphic and televi¬ 
sion links through the 'Orbita' system both 
within the USSR and abroad. 

Orbit: Initially 626 x 38977 km, 702.60 min, 
62.84 deg then raised to 625 x 39724 km 
717.67 min, 62.87 deg to ensure daily 
repeats of the ground track. 


COSMOS 1786, 1986-80A, 17042 
Launched: 0800, 22 October 1986 from 
Tyuratam, possibly by A-2. 

Spacecraft data : Not available. 

Mission: Not available. 

Orbit: 191 x 2564 km, 113.29 min, 64.89 
deg. 


COSMOS 1787, 1986-81 A, 17044 
Launched: 0900, 22 October 1986 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may have been 
carried at the forward end. The overall 
length is about 6 m, maximum diameter 
2.4 m and the mass was between 6 and 7 
tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 13 days. 

Orbit: 230 x 281 km, 89.65 min, 69.99 deg. 


RADUGA 19, 1986-82A. 17046 
Launched: 1543, 25 October 1986 from 
Tyuratam by D-1-e. 

Spacecraft data: Probably similar to the 
Gorizont satellites, being a stepped cylin¬ 
der with a dish aerial array at one end. 
Electrical power is provided by a pair of 
rotatable solar panels at right angles to the 
body. Station keeping is by the use of gas 
jets, and three-axis stabilisation is 
achieved by momentum wheels. The 
length is about 5 m, the maximum diame¬ 
ter about 2 m, and the mass around 2000 

kg 

Mission: Communications satellite pro¬ 
viding continuous telephone, telegraphic 
and television links within the USSR. 
Orbit: Geosynchronous above 45 deg east 
longitude. 


COSMOS 1788.1986-83A, 17050 
Launched: 1242, 27 October 1986 from 
Plesetsk, by C-1. 

Spacecraft data: Possibly a cylindrical 
body with domed ends, enclosed in a solar 
cell covered drum with length and diame¬ 
ter both about 2 m. A 5 m long boom sup¬ 
ports a metal weight to provide gravity 
gradient attitude control. Additional con¬ 
trol is probably by spin-stabilisation which 
also takes care of heat regulation. The 
mass is around 700 kg. 

Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 468 x 517 km, 94.47 min, 65.84 deg. 


COSMOS 1789, 1986-84A, 17054 
Launched: 0800, 31 October 1986 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m, diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 322 x 342 km, 91.23 min, 82.58 deg. 


UPDATES 

1962 Beta-Phi 1, TRANSIT 5A, decayed on 
25 September 1986. 

1986-55A, COSMOS 1766 is g remote 
sensing, oceanographic satellite. 
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SOVIET 

SCENE 


UK Scientists to 
Join Phobos Mission 

The recent visit to the Soviet Union by a delega¬ 
tion from the British National Space Centre (BNSC) 
resulted in an invitation from Academician Roald 
Sagdeyey, Director of the Space Research Institute, 
for the BNSC to nominate up to three interdiscipli¬ 
nary scientist from the UK to take part in the Soviet 
Phobos space mission. 

The Mission 

The phobos mission (Spaceflight March 1986, 
p.113, Sep./Oct. 1986, p.348) is in many senses a 
follow-up to the successful Vega spacecraft sent 
to Venus and Comet Halley. As with the Vega mis¬ 
sion, the foreign involvement in the programme 
is large. There are hardware contributions from 
Austria, ESA, Finland, France, Sweden, Switzer¬ 
land, West Germany, as well as the other Interkos- 
mos members Bulgaria, Czechoslovakia, East 
Germany, Hungary. 

The spacecraft, to be launched in mid-1988, will 
be three axis stabilised. There is a 200 day cruise 
phase before its insertion into orbit about Mars, 
initially into a 4200 x 79000 km three day period 
elliptical orbit. After 25 days the periapsis is then 
raised and it is planned to take up a 9700 x 79000 
km orbit for 30 days. 


Roald Sagdeyev. 




The Phobos encounter is achieved by first tak¬ 
ing upa circular9700 km radiuseighthourperiod 
orbit and then dropping to a circular 9400 km (7.6 
hour) orbit taking it to within 30 km of Phobos. The 
spacecraft is then manoeuvred to flyby Phobos, 
close enough to remain within 50 m of the moon's 
surface for about 15 minutes. 

The design currently includes some 30 instru¬ 
ments (Spaceflight, March 1986, p.113). However, 
there is at present a payload mass excess of 100 
kg, a problem that has yet to be resolved. 

Scientific Programme 

The Phobos scientific programme is split into 
four sub-areas: Solar; Solar-planetary interac¬ 
tions; Mars; and Phobos studies. It is proposed to 
nom inate UK scientists to three of these sections. 

The BNSC envisages that an interdisciplinary 
scientist (IDS) will be attached to one section 
within which it would be up to him/her to work 
with the various instrument teams. The scientists 
eventually selected will attend science workshops 
prior to launch and will also be expected to be par¬ 
ticularly active once data starts to arrive. 

The BNSC has invited proposals from prospec¬ 
tive interdisciplinary scientists who should sub¬ 
mit a brief outline of the experience of the applic¬ 
ant and the specific role that he/she could play in 
the project. The IDSs will be required to be of high 
international standing and preferably have some 
past experience of working with Soviet scientists. 

Outstanding proposals should be submitted to 
Jane Williams at the BNSC to arrive before Feb¬ 
ruary 13, 1987. They should not exceed three 
pages in length. The proposals will be reviewed 
and announcements made in April 1987. 

Interdisciplinary scientists will be eligible to 
apply for research grants, to be awarded under 
normal SERC grant conditions, to support project 
related activities. 
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SOVIET SCENE 

Launch Offer Includes Security Guarantee 


The Soviet Union has reinforced its offer to launch 
satellites from the West ( Spaceflight , December 1986, 
p.424) on a commercial basis by agreeing to exempt 
payloads from customs and other official inspections. 

The prospect of technically sensitive hardware 
entering the Soviet Union has so far prevented accep¬ 
tance by western countries, who would otherwise 
have found the offer financially very attractive at a time 
when western launch schedules have suffered a major 
setback through launch vehicle failures. 

for main- 
at sea, has 

so far been prevented from taking up the Soviet launch 
offer by US refusal to allow US satellite equipment to 
go to a Soviet launch site. 

Recent Soviet efforts to overcome such objections 
have included an interview by Soviet Prime Minister 
Nikolai Ryzhkov to the Tass news agency. 

"Our proposal for launches of foreign spacecraft by 
Soviet carriers has been prompted by a desire to 
advance space exploration and use Soviet rockets and 
other space technology, which have repeatedly 
demonstrated their high standards and dependability, 
efficiently for these purposes," Mr. Ryzhkov said. 


Inroarsat, the international organisation 
tainin^satellitecommunications with ships 


"As it enters the international market of space 
technology and services, the Soviet Union, of course, 
must reckon with the laws of this market. It is only 
natural that we expect to make some gains. 

"At the same time, we shall be seeking to make the 
launch terms mutually advantageous, both to us and 
to clients. When orbiting spacecraft for developing 
countries, the Soviet Union is prepared to grant them 
substantial discounts. Soviet financial organisations 
can also insure the payloads." 

Mr. Ryzhkov said that Soviet state agencies will give 
clients the necessary guarantees of safety for their 
spacecraft throughout their stay in the territory of the 
USSR - from the moment they cross the border until / 
lift-off. 

He added: "We are prepared to exempt the equip¬ 
ment intended for a space launch from inspection by 
the customs and permit its passage across the territory 
of the USSR to the cosmodrome in a sealed container, 
if this is more convenient for clients. Foreign 
specialists will be able to escort their spacecraft and 
watch it being transported and installed on a carrier 
rocket." 


SUMMER LAUNCH DATE 

The Soviet-Syrian space mission is scheduled to 
begin on the morning of July 22, 1987, according to 
Valery Ryumin, head of the joint mission. The interna¬ 
tional crew will be welcomed on board Mir by Soviet 
cosmonauts, due to dock with the orbital station in 
early 1987. 

The main crew includes F[ight Commander Alexan¬ 
der Victorenko, Flight Engineer Alexander Alexandrov, 
and Mohammed Fares, a citizen of the Syrian Arab 
Republic (SAR). The stand-by crew is commanded by 
Anatoli Solovyov and includes Flight Engineer Victor 
Savinykh and Munir Habib of the SAR. 


Soviet launch dates are only normally announced in 
advance when nationals from foreign countries are 
members of the crew. 

BULGARIAN COSMONAUTS 

The two Bulgarian pilots, one of whom will take part 
in a joint mission with Soviet cosmonauts to Mir in 
1988, have been named. 

They are Alexander Alexandrov, back-up to George 
Ivanov, the first Bulgarian cosmonaut in 1979, and 
Krasimir Stoyanov. Alexandrov has the same name as 
the Soviet cosmonaut in the crew due for launch this 
summer. 


Mir Station Docking 

On January 18 a Soviet unmanned spacecraft. Progress 
27, carrying fuel and supplies was launched into orbit and 
docked automatically with the Mir station. Soviet sources 
had previously indicated that manned operations on Mir 
would be resuming in early 1987 and the recent launch con¬ 
firms the start of the Mir 1987 programme. 

As with the previous Salyut space station operations. 

Progress cargo transporters are expected to play a central 
role in the main training operations of the Mir station. 

An additional role for a Progress space 
craft is that of a 'space dustbin'. All waste 
materials are loaded into the Progress 
which is then propelled from the station 
into a re-entry orbit into the atmosphere 
where it burns up. The principal features of 
a Progress cargo spacecraft are shown 
opposite. 



Instrument-assembly 
module 


Compartment for fuel 
components 


Docking 

unit 


Cargo compartment 
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EUROPEAN 

RENDEZVOUS _ 

Tests Delay Ariane Launch to Spring 



Prof. R. Lust (ESA Director General), Mr. F. d'Allest (Arianespace chairman) 
and Mr. Sollier (S.E.P. chairman) at a press conference in Bordeaux to discuss 
the resumption of Ariane flights. 


The resumption of Ariane flights following the 
launch failure last May is not now expected before the 
middle of April this year. 

Mission V19, which will carry two communications 
satellites (ECS 4 and Aussat K3 or G STAR III), was 
scheduled for launch this month (February) as the first 
of six planned flights during 1987, including the first 
Ariane 4. 

The last successful Ariane launch was on March 28, 
1986 when United States and Brazilian communica¬ 
tions satellites were placed into orbit. Subsequently, 
on May 30, an Ariane 2 version of the launcher and its 
Intelsat communications satellite were destroyed after 
a failure in the third stage ignition. 

Design of a new ignition system for the Ariane third 
stage was approved by the European Space Agency 
(ESA) and Arianespace, the commercial operator of 
Ariane, at the end of November. 

The design, proposed by SEP (Society Egropeenne 
de Propulsion) following studies since last summer, is 
now being extensively tested. 

Modifications to the engine involved: 

• Triplication of ignition power. 

• Better distribution of energy in the combustion 
chamber by two jets deviated by 45 degrees with 
respect to the longitudinal axis. 

• Re-timing of the ignition moment. 

The more powerful igniter differs from the previous 
version in the following specifications: 

- New Isolite loading with improved performance; 
gas temperature is higher, mass output is almost 
trippled, and total propellant mass is about 50 per 
cent greater. 

- Gas is not admitted into the chamber through one 
central channel running parallel to propellant flows 
as previously, but through two symmetrical jets sec¬ 
ant to the flows at a 45 degree angle. 

- Igniter start is delayed 200 milliseconds. 

- Opening of the generator's hydrogen injection valve 
is set forward by 50 milliseconds. 
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The V18 Board of Inquiry, which presented its find¬ 
ings at the end of November, considered that the new 
system allowed pressure to rise more regularly, 
reduced ignition delay and lessened sensitivity to 
temperature variations. 

An announcement of the launch date for the next 
Ariane could be made later this month or in early 
March. The launch manifest (see Spaceflight, 
November 1986, p.375) is also being up-dated. 


The igniter configuration chosen for the resumption of flights. 



ITAL Y TO USE ARIANE 

Arianespace is to launch the first Italian telecom¬ 
munications satellite following the signing of a con¬ 
tract early last month (January). 

ITALSAT will be placed into geostationary transfer 
orbit on a dual launch in mid-1990 by an Ariane 4, the 
upgraded version of the European expendable launch 
vehicle. The launch will take place from the Guiana 
Space Centre in Kourou (French Guiana). 

The satellite has been built by the Italian manufac¬ 
turer Selenia Spazio as prime contractor. It is a pre- 
operational advanced telecommunications satellite 
that will test digital voice channels in the new 20-30 
GHz frequency band. Six transponders will offer an 
11,000 telephone circuits capacity and three others will 
ensure data transmissions. 
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EUROPEAN RENDEZVOUS 



Artistic representation of ESA's Giotto and its encounter in March of last year with Comet Halley. The spacecraft could be used to fly-by a second comet in 1992. 

© Julian Baum 


GIOTTO AWAITS NEW ORDERS 

Scientists are examining the possibility of using the 
now dormant Giotto spacecraft for a radio science 
experiment with the Sun when it approaches superior 
conjunction (far side of Sun in direct line with Earth) at 
the end of this year and in early 1988. 

Using the spacecraft's S- and X-band dual radio 
links measurement of the physical parameters.of the 
corona at various solar longitudes could be performed. 

However, feasibility of the experiment, which would 
be funded as an ESA optional programme, has yet to 
be proved due to the unknown status of on-board sys¬ 
tems. 

Another possible assignment for Giotto - an 
encounter in 1992 with Comet Grigg Skjellerup - 
depends on the status of the on-board camera. 

This could be checked during 1988 and if satisfac¬ 
tory the possibility of a second comet encounter would 
be considered as an option alongside other ESA sci¬ 
ence projects at the end of next year. 

The encounter with Comet Grigg Skjellerup (a short 
period comet of 5.1 years) would involve Giotto in a 
swing-by manoeuvre close to thfe^Earth in 1990. The 
spacecraft's successful close approach to Comet Hal¬ 
ley ( Spaceflight , April 1986 p.168, and May 1986 p.227) 
took place on March 13,1986. 


NATO CONTRACT FOR UK 

British Aerospace Space and Communications divi¬ 
sion has won a contract worth more than £100 million 
to supply NATO with advanced military communi¬ 
cations satellites. 

This is the first time NATO has placed an order for 
satellites to maintain its front-line spaceborne com¬ 
munications system with a non-American contractor. 

The BAe Space and Communications division at 
Stevenage, Herts, will be prime contractor for the com¬ 
plete satellite system and Marconi Space Systems, as 
principal sub-contractor, is to supply the advanced 
communications payload. 

The satellites will be virtually identical to the United 
Kingdom's armed forces Skynet 4 (see opposite) series 
of communications satellites currently under construc¬ 
tion by British Aerospace and for which Marconi 
supplies the communications package. Designated 
NATO IV, the first of the new satellites is to be launched 
in the early 1990s. 

The choice by NATO of the British designed satel¬ 
lites has been influenced by the advanced perfor¬ 
mance of Sky net 4 and the cost effective solution it pro¬ 
vides for NATO's communications requirements 
through to the turn of the century. 

The contract is for two satellites and extends the 
i order book of Skynet 4 type satellites to five. 
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SKYNET4 



The UK military communications 
satellite, Skynet 4, which was origi¬ 
nally scheduled for a June 1986 Space 
Shuttle launch, has been re-scheduled 
for a possible 1988 launch on the 
Ariane rocket. 

A novel feature of its design is its 
helical transmit/receive antenna 
which is stowed in a flat spiral, like a 
watch spring, and held down by pres¬ 
sure applied through a composite 
material top cone. When deployed it 
reaches 2.4 m (8 ft) in length. The 
antenna will provide Earth coverage 
from geostationary orbit over two nar¬ 
row frequency bands with a radiation 
cone of 9.1 degree semi-angle. This 
antenna, and similar designs’of the 
same type, are a development of Cana¬ 
dian Astronautics Limited and are 
expected to have applications for 
many future satellites. 
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BOOK 

NOTICES 



An Astronaut's Diary 

J.A. Hoffman. Caliban Press, 114Westview Road, Montclair, 
N.J. 07043, USA. 1985. 50 pp. Booklet and Cassette. $13. 

During his first flight in April 1985 aboard the Space Shut¬ 
tle Discovery, Mission Specialist J.A. Hoffman kept a per¬ 
sonal diary on a small cassette tape recorder. The original 
function of hand-held cassette recorders on the Shuttle was 
to give crew members an opportunity to make notes on 
experiments, operations and to record medical symptonsfor 
subsequent de-briefing. The original six hours of Hoffman's 
tapes have been edited to delete the technical references but 
retain the original sequence and spontaneity in which they 
were recorded. 

The tapes, therefore, are probably the next best thing to 
actually experiencing a Shuttle flight and, even in edited 
form, provide an experience well-worth sharing. Flight 51-D 
had a crew of seven and mission plans to launch two satel¬ 
lites. The second of these was Syncom which, a Ithough suc¬ 
cessfully launched, refused to function. It was theorised at 
the time that the problem lay with a switch on the side of the 
satellite. A plan was devised whereby Jeff Hoffman and Dave 
Griggs were to leave the Shuttle to attach makeshift devices 
to the Shuttle's fifty-foot robot arm. Discovery was then fp 
rendezvous with the satellite while Rhea Seddon used the 
arm to flip the switch and make the satellite operational once 
more. 

Even though this was in vain, the switch not being the 
problem after all, the knowledge gained enabled a sub 
sequent flight to repair Syncom and put to useful life in 
geosynchronous orbit. 

The cassette thus provides a real-time account of all this 
activity. The accompanying booklet includes additional mat¬ 
ter edited out of the cassette. 


The Search for Extraterrestrial Intelligence 

T.R. McDonough, John Wiley & Sons Ltd., Baffins Lane, 
Chichester, West Sussex, P019 1UD. 1986, 244 pp, £16.50. 

From the dawn of history humans have believed that 
there were beings in the sky. Throughout the Middle Ages 
and as late as the 19th Century, Mars was widely thought to 
be inhabited. Indeed, only recently, the Viking spacecraft was 
sent to the planet to search for life and, beyond this, a long¬ 
standing search, even if of a relatively small character, has 
been under way to detect anything in the nature of extrater¬ 
restrial radio signals. 

With the subtitle "Listening for Life in the Cosmos" this 
book explores hoaxes and false alarms as well as the scien¬ 
tific endeavours to determine the possible scale and extent 
of extraterrestrial life, including suggested answers to the 
Fermi paradox which posed th.e question, "If ET life is preva¬ 
lent, where is everybody?" 

The fact that this is a popular presentation is underlined 
by the inclusion of several cartoons and the choice of titles 
fpr many chapter and section headings. The same charac¬ 
teristics appear in the text, which varies from an informative 
scholarly approach to references to "Star Trek", UFO's etc. 
Nonetheless, this is a pleasing book to read and particularly 
interesting for its references to the feuds and quarrels of 
those who have participated in the search for other intelli¬ 
gent life. 


Automatic Control in Space 1985 

J.P. Chretien. Pergamon Press, Headington Hill Hall, Oxford 
OW3 OBW. 1986, 312pp, $68.75. 

This book, the Proceedings of the 10th IFAC Symposium 
held in Toulouse, France in June 1985, presorts an authoritative 
overview of recent developments and techical advances in 
the applications of automated control to space technology. 
Topics covered include geostationary satellites, scientific 
satellites, flexible systems, low-Earth orbit satellites, orbit 
and trajectory control, component technology, platforms, 
rendezvous and docking (RVD) and manipulators. 

It will undoubtedly prove of particular interest to those in 
space agencies, aerospace and telecommunications com¬ 
panies, space research establishments and to control and 
systems engineers, astrophysicists, and to aeronautical and 
electronic engineers generally. 


A Supplement to the Tuckerman Tables 

M.A. Houlden & F.R. Stephenson. The American Philosophi¬ 
cal Society, 104 South Fifth Street, Philadelphia PA 19106, 
USA. 198o, 564pp, $35. 

This work is intended to supplement the well-known 
planetary, lunar and solar tables produced by Bryant 
Tuckerman in 1962 and 1964 respectively which, in two 
remarkably compact volumes, detailed positions of the five 
bright planets and the Moon and Sun over the entire period 
between 601 BC and AD 1649 at five or ten day intervals. 

It owes its origin to the discovery of significant errors in 
Tuckerman's tabular positions of Mars, which led to a sys¬ 
tematic comparison between his positions for the Sun and 
the planets and those computed from an integrated 
ephemeric. Serious errors were found only in the case of the 
longitude of Mars but these could amount to as much as 0.7 
degree, considerably more than the Moon's apparent diame¬ 
ter. 


Quasar Astronomy 

D.W. Weedman. Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge CB2 2RU. 1986, 217 
PP, £25. 

The discovery of quasars nearly a quarter of a century ago 
introduced a new dimension to astronomy. Not only did 
astronomers suffer the shock of learning that major sources 
of energy existed in the Universe unrelated to the nuclear 
fusion processes in stars, but also the revelation of new 
observational spectral windows opened up by radio 
astronomy, revealing extraordinary and totally unantici¬ 
pated things. 

The author, concentrating on observational astrophysics 
rather than theory, describes his conclusions on the nature of 
quasars, their distribution and their evolution in the Uni¬ 
verse. He summarises not only what is currently known but 
indicates the research methods used and points to some of 
the still unanswered questions. 

After reviewing the cosmological framework (with the 
necessary equations) the book discusses the observed pro¬ 
perties of quasars and continues by summarising techniques 
for analysing quasar data obtained with various kinds of tele¬ 
scopes indicating, at the same time the potentialities of new 
instruments presently being developed. A major part of the 
book deals with the distribution of quasars in spacetime, a 
subject extensively discussed in current research literature. 


Most of the above notes are not reviews in the ordinary sense 
but have been extracted from information provided by the 
publishers and/or authors, amplified by further brief comment 
where appropriate. 
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Maps of the Heavens 

G. S. Snyder. Andre Duetsch, 105-106 Great Russell Street, 
London WC1.1984, £25. 

This work chronicles the colourful pageantry of the' his¬ 
tory of celestial map making, supported by 75 illustrations, 
50 of which are in full colour, together with a short text outlin¬ 
ing salient points from each. 

To the West, constellations were part of a system that per¬ 
sisted until the early 16th Century and appeared in the first 
printed maps of the stars by Durer. As the Copernican revolu¬ 
tion took hold, the star catalogues of the ancients were cast 
aside as astronomers, with the aid of the telescope, started to 
rechart the heavens. Such data, used by Brahe, Kepi er, Bayer 
and Flamsteed, provided the basis for further development 
which ledthe wayforadvancement in all branches of science 
in the 16th and 17th Centuries, with celestial maps reaching 
a zenith of achievement towards the end of that time. 

By the 18th Century, many new constellations were 
appearing but the growth of modern astronomy brought 
celestial cartography to a close even though, in its time, it 
had produced maps of outstanding interest and beauty. 

Even those who might be familiar with some of the well- 
known star atlases of former times will be intrigued by the 
wealth of illustrations in this volume. A wide selection re¬ 
veals the variety of ways in which man has interpreted his 
vision of the sky, ranging from concentric rings of the 
spheres, surmounted by an omnipotent God, to the depic¬ 
tion of demons and spirits. 


Solar Hare Prediction 

C. Sawyer, J.W. Warwick, J.T. Dennett. Colorado Associated 
University Press, Box 480, University of Colorado, Boulder, 
Colorado 80309, USA. 1986. 179pp. $25. 

The Sun is so important to us that any changes in its activ¬ 
ity concern us all, particularly as the effects on Earth may be 
felt soon afterwards, e.g. as is the case with long-range radio 
communications which tend to 'fade' during periods of solar 
activity. 

A major variation can stem from solar flares. These were 
quite unsuspected before 1859 but, nowadays, considerable 
effort goes into predicting the effects of flares on human 
activities. The result is that solarflare prediction represents a 
new field of solar activity though, until the origin of flares is 
fully understood, the possibility of reliable prediction 
remains remote. 

Solar Flares result from a complex process which involves 
a sudden release of energy and radiation and an alteration of 
the magnetic fie‘d. The classical view of a solar flare, i.e. a 
sudden local brightening on the Sun, is only a part of this pro¬ 
cess and one of the few which can be seen in the narrow vis¬ 
ible band of the spectrum. A big flare in the Sun's chromos¬ 
phere is an enormous event which could cover a thousandth 
of the solar surface and stay bright for hours. On the other 
hand, microflares may be a hundred times smaller and last 
for only a few minutes. Even though, overall, a flare is only a 
minor fluctuation in the Sun's radiation, some, even from 
their remote location on the Sun, can seriously affect human 
activity. 

Flares are of particular interest to astronauts orbiting near 
the Earth for a sudden brust of energy could reach them 
some hours later and pose a serious threat to both men and 
equipment. 

The 11-year sunspot cycle imposes a wide variation in the 
frequency of flares but is only partially useful in attempting 
accurate forecasting. As this book shows, the current line of 
research is based on probability forecasts, which can then be 
compared to actual events on a dally basis. The problem is 
that forecasting relatively rare events, which may vary in 
activity with the sunspot cycle, needs a long period 
beforehand in which to accumulate a sufficient sample of 
forecasts and occurrences if any worthwhile results are to be 
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achieved. Keeping detailed records is important so the prop- 
sal for a sun-synchronous satellite carrying continuously 
sunlit solar-radiation monitors is of particular interest. 


The EiOitwruuial Life Debate 

M.J. Crowe, Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge CB2 2RU. 1986, 
680pp,£40. 

This is the first in-depth study in English of the international 
debate which took place between the period 1750-1900 on 
the question of whether intelligent extraterrestrial life 
existed or not, though this was actually an issue which began 
much earlier and has probably been discussed almost from 
the beginning of recorded history. 

Using the history-of-ideas approach, the author describes 
the controversies revealing in the process how these 
inflenced astronomical, philosophical and religiousthoughtto 
a far greater extent than had formerly been realised. The 
majority of leading astronomers over the last two centuries 
participated in the debate, their views interacting with 
developments in Newtonian mechanics, Darwin theory and 
the steady stream of discoveries in steller astronomy and 
astrophysics. 

In the course of his study the author demonstrates the 
extent to which religious convictions have affected ideas of 
extraterrestrial life and how religious and theological claims 
have also been affected in turn. 

Rather than merely claim that the discovery of extraterrestrials 
will have a profound future influence on human thought, the 
author shows how a long-standing and widespread belief in 
extraterrestrial life has, for centuries, already affected our 
attitudes. 


BLACKWELL— 

Heroes In 
Space 

From Gagarin to 
C hallen ger 

PETER BOND 

This book charts the 
history of manned 
spaceflight, and the 
men and women who 
risked their lives to 
make it possible, from 
the earliest single 
pilot capsules to the 

Soviet Salyut space — HI 

stations and the 
American Shuttles. 

Peter Bond provides a fascinating glimpse into the 
high-pressure world of the astronauts and 
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the cosmos, transforming science Action into fact. 
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In Business and 
Advancing Fast 

Chinese Space Activity 
1985-1986 


by Phillip S. Clark 

During 1985 and 1986, China's low-key space 
programme saw the launch of three satellites. Two 
of the payloads were recoverable observation satel¬ 
lites while the third was a geosynchronous orbit 
communications satellite. In addition, the Chinese 
continued to operate their first geosynchronous 
communications satellite, launched in 1984. 

The Chinese have now released new information 
about their space programme, details of which are 
presented here together with a review of the 
development of Chinese space activities, particu¬ 
larly in 1985 and 1986. 

China's space programme has recently reached 
commercial maturity and promises to become a 
major new force on the international space scene. 

Introduction 

The Chinese are credited with the invention of the solid 
propellant rocket and a Chinese citizen Wan Hu is said to 
have attempted a rocket powered flight. The true Chinese 
space programme started in 1956 when in the spring a 12- 
year development programme was instigated to integrate 
rocket and jet engine technology into important State 
plans. A space committee was set up by the Chinese 
Academy of Sciences in 1963 and two years later the first 
plans were made for a practical satellite IIJ. 

Table 1 provides a summary of the satellite launch 
attempts during 1969to 1984[2,3],anditwill be noted that 
with this paper a different system of satellite numbering is 
eised. 

Chinese Launch Sites 

Two launch sites are used by the Chinese for satellite 
missions. The original site was known in the West at 
Shuang Ch'eng-tzu, but the Chinese referto it as Jiuquan: 
this site is located at 41.2 deg N. 100 deg E. 


Inside the Flight Control Centre where vehicle performances is being mon¬ 
itored by technical operations staff. 





In 1984 when China introduced its 
advanced CZ-3 booster, a new launch 
site was brought to operational status. 
The site is call Xi Chang and is located 
near 28 deg N. 102 deg E.[4], 

Chinese Launch Vehicles 

Four Chinese launch vehicles have 
been used operationally, although two 
vehicles are very closely related: these 
are detailed in Table 2. The original 
vehicle was the three stage CZ-1 
("Chang Zheng" - Long March) and 
this was used to orbit the first two suc¬ 
cessful satellites in 1970 and 1971, as 
well as a probable failed launch 
attempt in 1969. 

The two closely-related launch vehi¬ 
cles are the FB-1 ("Feng Bao" - Storm) 
and the CZ-2. Originally these two 


boosters were not differentiated. The 
CZ-2 had better electronics than the FB- 
1 and its orbital capacity was alw grea¬ 
ter. The FB-1 was used to launch non- 
recoverable satellites during 1974- 
1981 while the CZ-2 began flights in 
1974 and is still used exclusively to 
orbit recoverable satellites. CZ-1, CZ-2 
and FB-1 have only been launched 
from the Jiuquan site. 

The CZ-3 vehicle was specifically 
designed for geosynchronous orbit 
missions: this variant completed two 
missions in 1984 (one was a partial fai¬ 
lure) and a single mission in 1986. This 
is a three stage booster, comprising 
the two stage CZ-2 booster with a new 
third liquid hydrogen/liquid oxygen 
stage added. Details of the CZ-3 boos¬ 


Working on the launch pad during launch vehicle assembly. 



ter are given in Table 3. CZ-3 has been 
flown only from Xi Chang. 

Included in Table 2 is the CZ-1C 
booster which the Chinese claim to be 
available for commercial satellite 
launches. This variant, however, has 
not yet completed an orbital mission. 

Continued Operations of Satellite 
STW F-2 (1984-035) 

The first successful Chinese 
geosynchronous satellite was 
launched in April 1984 and after being 
allowed to drift it was placed on station 
over 125 deg E. This location had been 
registered as STW-1, STW-2 located 
over 70 deg E having been registered 
for a future mission. 

Because of irregularities in the 
Earth's gravitational field and pertur¬ 
bations due to the influence of the 
Moon and Sun the satellite does not 
remain stationary. The Chinese initially 
placed the satellite in an orbit with a 
period of less than 1436.07 minutes 
(the Earth's rotational period) and the 
orbit is perturbed so that the period 
increases. As the period increases 
towards 1436.07 minutes the satellite 
drifts in longitude towards the-east but 
when the period continues increasing 
past 1436.07 minutes the satellite drifts 
back towards the west. After the satel¬ 
lite has returned to its original lon¬ 
gitude (approximately) the Chinese 
controllers fire the satellite's thrusters 
and reduce the orbital period to begin a 
fresh cycle of drifting. 

Table 4 provides a summary of the 
station-keeping manoeuvres, which 
are the subject of a separate study [5], 
and a monitoring of the cycles shows 
the satellite is still being used by the 
Chinese more than two years after its 
launch - despite the satellite being 
expected to have a far shorter operat¬ 
ing time. 


Earth Observation Mission, SKW-13 
(1985-096) 

The seventh successful Chinese 
recoverable satellite was launched 
from Jiuquan on October 21,1985 and 
was recovered five days later on 
October 26 at about 03.50 GMT. An 
object (an instrumented adapter bet¬ 
ween the satellite proper and the boos¬ 
ter's second Stage ?) was left in orbit by 
the recoverable capsule and decayed 
on November 7, while the rocket body 
decayed four days earlier. 

An official from the Chinese Minis¬ 
try of Astronautics described the mis¬ 
sion's success as an important step for¬ 
ward for China's space technology and 
said that it would aid the country's 
economy and modernisation prog¬ 
ramme and help develop international 
space co-operation. The satellite was 
used to survey land resources and the 
data it obtained were used in mineral 
exploitation, forestry development, vil- 







Assembly and checkout of integrated stages of a CZ-3 launch vehicle in the modern vehicle checkout building at Xichang. 


lage and town planning and environ- 
mental protection [6]. 

Some pictures have been released 
of Chinese satellite recoveries [7, 8] 
and these show that the craft is similar 
in shape to the beehive Soyuz descent 


craft, although on a smaller scale. The 
Royal Aircraft Establishment (RAE) 
estimates the radius of the descent 
craft to be 0.7 metres and its mass 1850 
kg. The total craft has an estimated 
length of 1.55 metres and a diameter of 


1.4 metres flaring to 2.25 metres [9]. 

Communications SataMto STW F-3 
(1986-010) 

The third CZ-3 booster was 
launched from Xi Chang on February 1, 
1986 and after 3.5 revolutions in the 
eccentric geosynchronous transfer 
orbit the satellite was placed in a 
geosynchronous drift orbit on Feb¬ 
ruary 3 at 02.06 GMT [10]. Chinese 
statements suggested that this was the 
time that the satellite attained its 
geosynchronous location, but this is 
not true. After injection into the drift 
orbit over 146.3 deg E the satellite 
drifted west until about February 18: 
between February 18-20, the satellite's 
orbit was lowered and it was stationed 
over 103.5 deg E. 

The location of the satellite was a 
surprise, in that its location was 
expected to be over 70 deg E, the STW- 
2 position. The satellite was basically 
the STW F-2 back-up payload with an 
improved 1.2 metre long, 0.7 metre 
wide graphite epoxy spot beam 
antenna which confined the satellite 
transmissions to the Chinese main¬ 
land. 


Table. 1 List of Chinese satellite launch attempts, 1969-1984. 


Launch Date 

International 

Designation 

Chin*** 

Designation 

Name 


1969 Novi 

(Failure) 


SKW 

CZ-1 

1970Apr24 

1970-034 

Tungfanghung 

SKW 1 

CZ-1 

1971 Mar3 

1971-018 

Practice 1/SKW-2 

SKW 

CZ-1 

1974Jul12 

(Failure) 


SKW 

FB-1 

1974 Nov4 

(Failure) 


SKW 

CZ-2 

1975Jul 26 

1975-070 


SKW 3 

FB-1 

1975 Nov 16 

1975-111 


SKW 4 

CZ-2 

1975 Dec 16 

1975-119 


SKW5 

FB-1 

1976Aug30 

1976087 


SKW 6 

FB-1 

1976 Dec 7 

1976-117 


SKW7 

CZ-2 

1978Jan26 

1978011 


SKW8 

CZ-2 

1979Jul30 

(Failure) 


SKW 

FB-1 

1981 Sep 19 

1981093 

SKW-9 

SKW 9 

FB-1 

1982 Sep 9 

1982090 


SKW 10 

CZ-2 

1983 Aug 19 

1983-066 


SKW 11 

CZ-2 

1984 Jan 29 

1984008 


STWF-1 

CZ-3 

1984Apr8 

1984035 

Tungfanghung 1/STW-1 

STW F-2 

CZ-3 

1984 Sep 12 

1964096 


SKW 12 

CZ-2 


NOTES 

This list includes both launches which reached orbit and those which are reported not to have reached orbit: of the wious failure reports onty thoee 
which are dee m ed moat probable are listed. The failure of Novenber 1974 is confirmed by the Chinese end that of July 1979 wee svnxul by the 
Soviet Union. The names by which the Chinese have called their satellites are shown where such names are available. The aafli sa tended in 1971 
has been ceiled Practice 1 i n one Ch inese article andSKW-2 in another. The STW communicationssatellrtesare idararfied by flight (F) number. The SKW 
9 launch pieced three aatefiites i n orbit. The na me Tungfanghung wee onginelly applied to the first sucmrfully launched ertetfoa, while the first geosyn¬ 
chronous satellite has sometimes been celled Tungfanghung 1 by the Chinese. The satellite designations used in this paper differ from thoee used in 
refer rm 2 and 3. 


Table 2. Summary of Chinese Launch Vehicles. 


Vehicle 

Stages 

Leunch Mass 

Payload Capacity 


CZ-1 

3 

81.6 tonnes 

300 kg to 440 km circular. 

70 dag 

CZ-1C 

3 

88tonnes 

400 kg to 600 km circular, 

400 kg to400km circular, 

70 dog 
99 dag. 

FB-1 

2 

191 tonnes * 

2500 kg to 200- 400km, 
2000 kg to 200-2500 km. 

63 dag. 
63 dag. 

CZ-2 

2 

193tonnes 

3000 kg to 200-400km, 

63 dag. 

CZ-3 

NOTO 

3 

202tonnes 

1400kg to 200-35786 km. 

31.1 dag. 


The CZ-1C usee the —w e lower two stapes es the CZ-1, but is to have a liquid prapaMant third stage rather then a solid prof»4iant stage. The FB-1 endCZ-2 bonWn ere cioaafy related, but the PB-1 has a lower peyfoad i 
end has now been retired The CZ-2 will probably be used for retrograde (99 deg) orbit IligfMa. The CZ-3 is configured for geosynchronous tr a nsfer orbit mi w s iaw . 
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Table 3. Details of the CZ-3 Booster. 



Stage 1 


Stage 2 

Stages 

Engine Designation 

YF-2 (4) 


YF-2(1) 

YF-73(1) 

Thrust, tonnes 

280 


70 

5 

Specific impulse, sec 

264 


264 

426 

BumTime, sec 

132 


129 

451+291 

Stage dry mass, tonnes 

10 


3.5 

2.3 

Propellant (oad, tonnes 

140 


34.2 

8.7 

Stage length, metres 

20.22 


7.61 

7.48 

Stagedlameter, metres 

3.3S 


3.35 

2.26 

Fuel 


Nitrogen Tetroxide 


L Hydrogen 

Oxydiser 


UDMH 


L. Oxygen 


Thee# details are tithir given in the Long March 3 User's Manual or derived from the data eomainad therein. The total langth of tha boodtar ia 44.98 
metres. Tha payload ahroud ia 7.27 matraa long (including tha ada^ar to tha third atagal and haa a maximum diameter of 3.0 matrm. Tha numbers in 
paranthaaaa arc tha numbar of anginas uaad in that ataga: tha thruat valuac ara thoaa for tha total ataga rathar than for tha angina itself. Tha third ataga 
iam ataraad in flight: and initial bum laata for 461seconds for tha baalc orbital injection and than af t er m a ti ng tor 1f7 aaoonda It re Igrdfcaforthaman- 
oauvra to gaoaynchronoua transfer orbit. 


Like the STW-2 satellite, the STW F- 
3 satellite has been subject to orbital 
drift caused by perturbations which a re 
to be fully analysed along with the 
STW F-2 drift [5). The manoeuvres are 
summarised in Table 6, using the same 
format as Table 4. STW F-3 was still 
operating at the end of 1986. 

Recoverable Satellite SKW-14 (1986- 
076) 

On October 6,1986 a new recovera¬ 
ble satellite was launched by China, the 
orbiting of the satellite being 
announced by the Kettering Group 
within hours of the event (see Opaea- 
flight December 1986). The Chinese 
did not announce the mission unfit the 
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Asssmbly of a CZ-3 launch vehicle at the 
Xlchang launch site. Centre: the second 
stage is mated with the first. Left: the third 








VSJI 



stage is raised into position. Right: the 
payload is in position and the noze cone is 
being installed. 


satellite was back on Earth. However, 
the announcement when it came was 
unusually full of detail. 

The launch came at 05.40 GMT and 
the satellite was placed in an orbit with 
the announced parameters: inclination 

- 57 deg, period - 90 minutes, perigee 

- 180 km and apogee - 400 km. The 
satellite was recovered at 04.20 on 
October 11, the first time the Chinese 
announced an actual recovery time 
[11]. The mission announcement said 
that the information collected by the 
satellite can be used in a survey of ter¬ 
restrial resources, prospecting for min¬ 
eral resources, water conservancy, 
environmental protection and 
oceanographical and seismological 
research. As with the satellite launched 
in 1985, the People's Insurance Com- 
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pany of China provided the insurance 
service for the launch and recovery of 
the new satellite. 

The instrumented adapter left in 
orbit at the time of capsule recovery 
decayed on October 23, two days after 
the second stage of the CZ-2C launch 
vehicle. 

Future Space Flight Plans 

China has announced plans for up- 
rating its launch vehicles, and some 
details are available of future satellite 
programmes. Here, these details will 
be summarised, although it must be 
stressed that the time-scales presen¬ 
ted may not be met. 

Launch Vehicle Developments 

It has already been noted that the 


CZ-1 is being marketed commercially 
with a new upper stage. The original 
CZ-1 used liquid propellant forthefirst 
two stages, while the third stage used 
solid propellant. The new variant is the 
CZ-1C which has a liquid propellant 
third stage. This variant has not yet 
made an orbital flight. 

It would seem that the original CZ-2 
has been up-rated already, since 
photographs of the most recent - 
launches show the booster carrying 
the designation CZ-2C. In 1985 the 
Chinese indicated that they were con¬ 
sidering the up-rating of the CZ-2 and 
the CZ-3 with the addition of solid 
propellant strap-on boosterstothefirst 
stage and the addition of a new solid 
propellantupperstage [12] (third stage 
for the CZ-2?). 
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The family of Long March launch vehicles. Left: 
CZ-1. Centre: CZ-2. Right: CZ-3. 


At the IAF Congress in 1986, details' 
of more CZ-2 variants were announced 
[ 13], fou r in total. Al I the missions seem 
to be scaled for a launch from Xi Chang 
from where the CZ-2 can place 3.9 ton¬ 
nes into a 28.5 deg, 200 km circular 
orbit. This vehicle with a stretched sec¬ 
ond stage could be used to carry a 
Hughes HS-376 communication satel¬ 
lite into a low parking orbit, with a 
PAM-D stage being carried for the 
manoeuvres to geosynchronous orbit. 

The CZ-2 could also be used with a 
Hughes HS-399 communications satel¬ 
lite: in this version, the satellite with a 
mass of up to 1710 kg would be placed 
into a geosynchronous transfer orbit 
by the two stage CZ-2 and then its own 
apogee motor would perform the 
geosynchronous orbital injection. 

A further CZ-2 variant could place a 
Molniya satellite into its drift orbit of 
about 400-40000 km, although the orbi¬ 
tal inclination of the Soviet system 
(62.8 deg) probably could not be 
matched. 

The most ambitious new CZ-2 var¬ 
iant would give the Chinese a major 
launch vehicle. A much stretched sec¬ 
ond stage would be carried, but the 


first stage would be augmented by 
either four or eight strap-on boosters. 
In the four strap-on booster version 
nine tonnes could be placed in orbit, 
while the eight strap-on version could 
orbit 13 tonnes. It is possible that this 
variant is the CZ-4 which the Chinese 
have recently mentioned. 

Another source described the CZ-4 
as being capable of placing 2040 kg 
into geosynchronous transfer orbit: 
this would use eight YF-2 engines clus¬ 
tered in the first stage (the existing first 
stage with four strap-ons, each having 
a single YF-2 7) with the possible pro¬ 
curement of a new upper stage from 
the United States [14], 

Using the CZ-4, a new geosynchron¬ 
ous payload launcher is being planned. 
Designated CZ-4L, this is described as 
an up-rated CZ-3 with four strap-ons 
[15]. The current third stage would be 
replaced by a new cyrogenic stage, and 
this combination would place 5.3 ton¬ 
nes into geosynchronous transfer 
orbit, compared with 1.4 tonnes for the 
existing CZ-3. The first flight of the CZ- 
4L is planned for 1991. 

Of the different CZ-2 derivatives 
described above, some are certain to 


TABLE 4. Station-keeping manoeuvres of STW F-2 (1985-1986). 



Pre-Manoeuvre Orbit 



Poet-ManoueveaOMit 


Epoch Date 

Perigee 

Apogee 

Epoch Date 

Ftefgaa 



km 

km 


km 

km 

1965 Jan 20 

35787 

35796 

1965 Jan 28 

35777 

35784 

Apr 2 

35788 

35794 

Apr 12 

35776 

X7B9 

Jun 7 

35787 

35795 

Jun 12 

35774 

35791 

Aug 22 

35782 

35803 

Apr 23 

35781 

36794 

Oct 27 

35783 

36800 

Nov 8 

35776 

35786 

1986 Jan 11 

35787 

35797 

1986 Jan 17 

35781 

35794 

Mar 11 

35786 

35796 

[Apr21J 



May 18 

35771 

35814 

Jun 7 

35771 

®799 

Jul 6 

35777 

36802 

Jul 25 

35777 

35786 

Oct 18 

35788 

35800 

Oct 23 

35776 

35788 


NOTES 

TTns Table ts in the swne format as Table 3 of reference s. The orbits are based upon the Two-Line Orbital Cl eme n W and oQs> a fte r amaneeuvre it can taka time before the Elements reflect the correct orbit: this accounts for the 
omission of ptxnrrtial data from this Table. There was a break in the mckmon of Two-Lines betwee n March 11 and April tl IMS. during which period there was a manoeuvre. 


TABLE 5. Chinese satellite launches during 1985-1986. 


Launch Date 

Tima GMT 

SateMte 

lad dag 

^riodmin 

Perigee km 

Apogee km 

19850ct21 

05.04 

SKW 13 

62.97 

90.16 

171 

393 

1986 Feb 1 

12.36* 

STWF-3 

31.07 

x 631.01 

438 

35546 




0.14 

1450.09 

35895 

36225 




0.11 

1440.41 

35787 

35955 




0.11 

1435.99 

35779 

35790 

1986 Oct 6 

05.40* 

SKW 14 

56.97 

90.09 

173 

385 


NOTES 

The launch times marked * are those announced by the Chinese: the one for SKW13 ie SSw^d 1KW13 and SKW14 were leunched by the CZ-2 booWar (CZ-2C variant) and STW F-3was launched by the CZ-3 boaster. 
Orbital data are derived from the Two-Line Orbital Elements. The first sat of data far STW F4Mee to the rochet body, the rwnMntngsessfWlating to the initiet preetwring of the satellite over 103.5 degrees E.Thissatellite 
has sometimes been called Tungf anghung 2 by the Chinese. 


TABLE 6. Station-keeping manoeuvres of STW F-3 (1966). 

Pr* htereoeuv re Orbit Po tt Mw ow wi Orbit 


Data 

perigee 

Apa«aa 

Epoch Date 

Perigee 

*P°®“ 


km 

km 


km 

km 

Mar28 

35785 

39794 

1906 Apr 1 

35778 

35790 

May 8 

35788 

35790 

May 11 

35784 

35785 

Jun 17 

35774 

36904 

Jul 4 

35780 

35793 

Jul 12 

35783 

35793 

Jul 27 

35781 

35788 

Aug 29 

35786 

36792 

Aug 30 

35782 

35784 

Oct 26 

35788 

35793 

Oct 28 

35778 

35789 

Dec 1 

35784 

36791 

Dec 4 

35785 

35788 


NOTES 

The format of this Table is identical with Table 4. 
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Usable volume of available nose cones. Upper diagrams: CZ-2 nose cones. Lower diagrams: CZ-3 nose 
cones. 


remain paper studies only. The yersion 
designated CZ-4 above is almost cer¬ 
tain to fly, since the CZ-4L is derived 
from it. 

Planning further into the future, the 
Chinese have begun the early defini¬ 
tion studies of a new booster in the 
same class of the American Saturn-1, 
and this is expected to fly in the mid- 
1990s [12]. 

Multiple Payload Options 

Again, at the 1986 IAF Congress the 
Chinese discussed studies which were 
being undertaken for the orbiting of 
multiple small satellites [16]. The CZ-2 
was to be the basic booster and the 
Chinese expected four satellites could 
be launched into low Earth orbit. A typ¬ 
ical configuration would be an upper 
satellite with a mass of 300-1000 kg and 
a diameter of two metres or less. Below 
this satellite would be a three tier con¬ 
tainer with smaller satellites. These 
would have masses of 50-300 kg and 
would be launched in "frisbee" fash¬ 
ion, like the Syncom satellites from the 
American Shuttle: the maximum 
diameter for these smaller satellites 
would be 1.6 metres. 

For such missions the Chinese 
suggest launches into orbit from the 
Jiuquan site. The perigee range is 175- 
300 km, with apogees of 800-1000 km. 
Two orbital inclinations are suggested: 
63.4 degress for geophysical missions 
or 98.9 degrees. The satellites could 
carry small propulsion systems to 
manoeuvre from the orbits used by the 
Chinese boosters. 


New Observation Satellite 

Although not fully detailed, the 
Chinese are planning the launch of a 
new image transmission satellite 
which will supplement the existing 
recoverable satellites. The new satel¬ 
lite is planned for a launch in 1988-1990 
and its specifications are said to be 
similar to those of the French SPOT 
Earth resources satellite launched in 
1986. 

Communications Satellites 

The registered STW-2 location has 
not yet been used, but presumably a 
future communications satellite will be 
launched there. There are plans to 
launch a "Block 2" communications 
satellite possibly in 1987. This will have 
a spot beam antennae and will be able 
to transmit microwaves. The Chinese 
said in 1985 that they hoped to have a 
direct broadcast satellite-designed by 
either MBB or RAC - launched in 1987 
on either Ariane or the Shuttle, but the 
status of these plans is uncertain. 

Meteorological Satellites 

China is planning three different 
meteorological satellites. Later this 
year a prototype satellite is scheduled 


to be launched into an 809 km, 99 
degree orbit, the payload having a 
mass of 700 kg. The Chinese have 
experienced difficulties in developing 
their own recorders and gyro systems 
for the satellite so plan to use American 
equipment for the mission [17]. The 
satellite, 1.4 metres square with two 
sets of three solar panels, will carry two 
radiometers and three channels for 
imaging in the visible and infra-red 
spectra. The digital data stream should 
have a resolution of 1 km. The Chinese 
hope that the satellite will operate for 
about a year. 

The satellite will be launched with 
its orbital plane 60 degrees away from 


an American NOAA satellite. Nitrogen 
gas is being carried for attitude control 
which will be maintained using data 
obtained from reaction wheels, gyros 
and infra-red horizon sensors. 

China is also planning advanced 
meteorological satellite missions to 
both polar orbit and to geosynchron¬ 
ous orbit: the latter can be expected in 
the early 1990s. From the data disc¬ 
ussed in terms of the multiple satellite 
studies, it would seem that the polar 
orbit missions will be launched from 
Jiuquan using a CZ-2 booster, while 
the geosynchronous launches should 
come from Xi Chang using the CZ-3 
booster. 
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A Manned Space Programme - Again? 

In the 1970s there were reports that 
the Chinese were planning a man-in¬ 
space programme, and photographs 
were released apparently showing 
men training for space missions. Later, 
the Chinese said that rhanned missions 
had been scrapped because of a lack of 
funding. 

At the beginning of September 1986 
the Chinese indicated that their plans 
for a manned space mission were 
again being put into practice: the com¬ 
plete statement is reproduced below 
[18]:- 

China has made a simulated cabin 
for space shuttles and the selec¬ 
tion of its first group of astronauts 
is underway, according to [yester¬ 
day's] overseas edition of People's 
Daily. 

Chinese manned space flights 
could be a reality in the near 
future, thanks to major break¬ 
through both in theory and key 


technologies, the authorities dis¬ 
closed. 

A life support system involving 
control of the cabin's air including 
composition, temperature, pres¬ 
sure and purification, has been 
completed. Also, technical prob¬ 
lems in providing food, drink and 
clothing for astronauts have been 
worked out. 


A centre for research on space 
flight has been completed with a 
series of experiments. It will be the 
training ground for astronauts. 

Foreign experts visiting the centre 
said China's space technology is in 
line with international develop¬ 
ments both in terms of research 
and equipment. The centre is one 
of the few advanced ones in the 
world, the visitors said. 

Clearly, the Chinese launch vehicles 
currently being operated are insuffi¬ 
cient for manned space operations, but 


the CZ-4 vehicle with either four or 
eight strap-ons could be used as a 
basis for a manned launch vehicle. The 
Chinese have usually expressed an 
interest in orbital laboratory work, and 
one can therefore speculate that the 
Saturn-1 class booster, work on which 
is at a preliminary stage, could perhaps 
orbit a Salyut-class laboratory, while 
the CZ-4 could launch a small manned 
ferry with the laboratory's crew. It may 
be too much to expect the Chinese 
manned space programme to begin 
with a reuseable vehicle, despite their 
use of the word "shuttle" in their 
announcement. 

Commercial Considerations 

For some years the Chinese have 
been offering some of their launch veh¬ 
icles to potential commercial users, but 
it was only following the loss of Chal¬ 
lenger on the Shuttle mission 51L in 
January 1986 and then Ariane V18 in 
May 1986 that Chinese offers began to 
be looked at anew. Prior to these los¬ 
ses, some customers had examined 


Left: A C2-3 launch vehicle clearsthe gantry at the Xichang launch site Relow: The recovery team inspect a spacecraft capsule on its return to Earth. 
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TABLE 7. Long-lived Chinese objects in orbit. 


Mission 

Object 

Orbital Epoch 

Mdeg 

Period min 


Apogee km 

SKW1 

1970-034A 

1985 Jan 11.55 

68.44 

112.68 

436 

2264 



1986 Jan 9.12 

68.44 

112.66 

436 

2262 



1986 Doc 5.17 

68.43 

112.65 

437 

2260 


1970-034B 

1985 Jan 7.48 

68.39 

107.08 

425 

1758 



1986Jan 4.36 

68.40 

106.98 

424 

1750 



1986 Dec 13.43 

68.40 

106.89 

423 

1741 

STWF-1 

1984-008A 

1985 Jan 1.89 

36.15 

163.36 

« 

6583 



1986 Jan 4.74 

36.18 

163.38 

469 

6575 



1986 Dec 16.12 

36.19 

163.38 

476 

6567 

STWF-2 

1984035A 

1985 Jan 1.57 

1.09 

1436.20 

35784 

35793 



1986Jan 8.57 

1.97 

1436.35 

35782 

35801 



1986 Dec 10.64 

1.31 

1436.24 

3578D 

35798 


1984-035B 

1985Jan 1.26 

30.66 

629.98 

488 

35442 



1986Jan 2.26 

30.52 

629.77 

413 

35506 



1986 Dec 13.45 

31.11 

629.73 

460 

35458 

STWF-3 

196OO10A 

1986 Dec 10.49 

0.13 

1436.13 

35786 

35789 


1986-0108 

1986 Dec 11.84 

30.58 

630.96 

561 

35420 


MOTES 

This Table lists all of the Chinese objects which were in orbit at the end of 1986. The data are derived from the Two-Line Orbital Elements. 


the Chinese system but final orders Chang launch site, the Chinese expect User's Manual for the CZ-3 booster 

had not been forthcoming. that a realistic launch rate is currently saysthat launches are best undertaken 

The Chinese claim the potential to six to seven missions per year from Xi Chang during the dry season 

build about 12 CZ-3 boosters each year with 35 days being required between each year, November-April [19]. 

but at present vehicles are built only as launches. This launch rate will increase UsingtheCZ-3 booster, the Chinese 

required; there are no stocks of boos- when construction of a second CZ-3 expect to attain a geosynchronous 

ters awaiting launch. Using the Xi launch pad at Xi Chang is finished. The transfer orbit with the following 
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parameters [20]: Perigee 200 km; 
Apogee 35786 km; Inclination 31.1 
deg; Argument of perigee 179.2 deg. 

The errors in the launch vehicle per¬ 
formance are expected to result in the 
following standard deviations in the 
orbit [21J: Semi-major axis 50 km; 
Perigee 6 km; Inclination 0.07 deg; 
Argument of perigee 0.29 deg; Lon¬ 
gitude of ascending node 0.14 deg. 

If required, the commercial user of 
the launch vehicle can arrange for vari¬ 
ations in the inclination and the argu¬ 
ment of perigee. At present the CZ-3 
can place 1.4 tonnes into the above 
transfer orbit, and the satellite must 
then perform the circularisation man¬ 
oeuvre at an appropriate time. 

The Chinese have set up Great Wall 
Industries for the commercial launch 
vehicle programme, and the vehicles 
currently on offer are the CZ-1C, the 
CZ-2 and the CZ-3. The CZ-1C, as 
already noted, has yet to make an orbi¬ 
tal flight. The Chinese have met with 
most success in the marketing of the 
CZ-3 booster. The following reserva¬ 
tions have been announced for the 
booster:- 


Dominion Video Satellite Inc: two 
direct broadcast satellites. The first is 
to be launched before December 1987 
and the second before March 1988 


Western Union: Westar 6-S to be 
launched before March 1988. 


Pan Am Pacific Satellite Corp: Pacific 
Star 1 to be launched before May 1988. 


The Pacific Star 1 satellite is the re¬ 
named Westar 6 which was launched 
on Shuttle mission 41B and after the 
PAM stage failed to operate properly 
was recovered on mission 51A. The 
second satellite which failed after 
deployment on 41B and was recovered 
on 51 A, Palapa B-2, is also being consi¬ 
dered for a Chinese launch. Addition¬ 
ally, the Chinese have a letter of intent 
for the launch for an Iranian communi¬ 
cations satellite, although the man¬ 
ufacturer of the satellite is unclear as of 
the time of writing. Discussions are tak¬ 
ing place with Brazil for the possible 
launch of Brazilian satellites. 

A single reservation has been made 
for the CZ-2 booster. A Swedish 
Mailstar satellite is scheduled for 
launch with a Chinese observation 
satellite: Mailstar will be carried under¬ 
neath the Chinese satellite and will be 
propelled to its own orbit using a spe¬ 
cially developed orbital transfer stage. 

Concluding Comments 

The Chinese space programme 
began very slowly but it has now 
reached a maturity which allows 
foreign satellites to be considered for 
launch. The launch rate of domestic 
satellites is not expected to exceed 3-4 
each year (more probably 1-2 at pre¬ 


A recovered satellite is winched aboard a helicopter for its return to base. 


sent), although as more applications 
satellites are brought into the Chinese 
programme and the first flights in pre¬ 
paration for manned space activity 
take place, the launch rate will have to 
increase. 

The projects for improved launch 
vehicles will give the Chinese the 
opportunity to become a major force in 
space, especially if the manned space 
laboratories are launched in the next 
decade or so. 
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Sampling Venus 


One of the highest priorities in the NASA report 'An 
Augmented Program' (see the November 1986 edi¬ 
tion of this column) is the return to Earth of planetary 
and cometary samples. Recently, in this vein, an 
imaginative mission concept for returning surface and 
atmospheric samples of Venus has been developed. 
Although the mission scenario calls for an intricate 
weaving together of several modes of transportation 

- with parachutes, balloons, aircraft and classical 
spacecraft - each mode has been tested, i.e., no new 
technology is required. 

The value of sample returns rests, of course, on the 
opportunity to subject the returned material to pro¬ 
longed and sophisticated examination in Earth-based 
laboratories. Samples have been returned from the 
Moon by US and Soviet missions, and considerable 
planning has been expended on obtaining material 
from Mars and from comets, but these objects "are a 
piece of cake compared to Venus," according to Kerry 
Nock of JPL. The relatively deep gravity well of Venus 

- the planet has about the same size and mass as the 
Earth - and its formidable atmosphere pose problems 
for the collection and return of samples. 

Nock, Ross Jones of JPL (the study leader) and Dr. 
Jacques Blamont of the Centre National D'Etudqs 
Spatiales in Paris (Blamont is currently a JPL Distin¬ 
guished Visiting Scientist and originated the mission 
concept) have put together a scenario for a Venus 
Sample Return (VSR) mission. The motivation fortheir 
mission design is to avoid the use of complex, massive 
systems on the hostile surface of Venus. The basic con¬ 
cept is to parachute small samplers to the Venusian 
surface and, when their sampling is complete, lift them 
from the surface with balloons whence the samples 

In this photograph, a prototype of the remotely piloted Aquila vehicle is seen 
capturing a tether (suspended from a balloon) on its wing hook. Asystem simi¬ 
lar tothis might link a sample-bearing balloon to an airplane in the atmosphere 
of Venus as part of a scenario to return samples from the second planet. 

Lockheed 



are transferred to a small, robot airplane. The airplane 
delivers its cargo to an ascent rocket, hanging in the 
atmosphere under a balloon, and, finally, the ascent 
rocket rendezvous with a Venusian orbiter which car¬ 
ries the sample to Earth. Each of the six VSR mission 
phases will be examined in turn. 

Phase one comprises the trip from Earth to Venus. 
The VSR flight system is assembled at the Space Sta¬ 
tion and injected into a 140-day trajectory to Venus. 
The 20,000 kg spacecraft is placed into orbit about 
Venus by means of aerocapture, although orbital 
insertion with a conventional propulsive manoeuvre 
would also be feasible. Atthistime, the VSR spacecraft 
is composed of four major etaTtwits: (1) the Venus 
Orbiting Vehicle (VOV), (2) Venus Descent Module 1 
(VDM1) which contains the sampler packages, (3) 
Venus Descent Module 2 (VDM2) which contains the 
hot "air" balloon, two airplanes (one is a backup), and 
the ascent rocket, and (4) the Earth Return Vehicle. 

Phase two commences with the separation of a des¬ 
cent module (VDM1) from the VOV followed by a deor¬ 
bit burn of VDM1. As it approaches the surface, VDM1 
releases three sampler packages that descend to the 
surface by parachute. More than one sampler is 
released in order to provide redundancy for that key 
activity; the sampling technique is planned to be a sim¬ 
ple "grab" of about 1 kg of atmospheric and surface 
material. Each sampler is equipped with an ascent bal¬ 
loon which acquires buoyancy through the vapourisa¬ 
tion of ammonia during the period, about one hour, 
that the sampler is on the surface. The design of the 
balloons is such that they will achieve a terminal 
altitude of between 50 and 60 km in the Venusian 
atmosphere. During the four-hour ascent to this 
altitude, the wind drift of the balloons is estimated to 
be about 500 km from their sample sites. 

Phase three shifts back to the VOV from which the 
second descent vehicle (VDM2) begins its downward 
motion. The payload of the VDM2 is contained within 
an aeroshell. This package is guided toward the region 
of the atmosphere where the sample balloons have 
risen. The estimation of the balloons' locations is done 
by means of a radar onboard the VOV. 

In Phase four, the airplane must autonomously 
locate the sampler balloons, using radar, recover the 
samples and return to the hot air balloon. These tasks 
must be done within a specified period of time because 
the airplane has a limited flying time and the hot air 
balloon will only stay aloft during daylight, while it is 
being heated. The latter lifetime is estimated to be 
somewhat greater than 50 hours. Since the delivery 
accuracy of VDM2, carrying the airplane, to the balloon 
region will be good to within ± 55 km, the roundtrip of 
the recovery airplane should not require more than 110 
km of traverse, assuming that the balloons have not 
become much separated from one another and that 
the radar estimate of their positions is accurate. 

Phase 5 involves the return of the samples to orbit 
with the aid of the three-stage ascent rocket hung 
belowthe hot air.bal loon, theairplane having first been 
caught in a net carried by the hot air balloon. 
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After rendezvous with the VOV, Phase six consists of 
the flight back to Earth. The samples are placed in a 
canister which describes a highly elliptical orbit about 
Earth and is retrieved by an orbital manoeuvring vehi¬ 
cle. 

Although the mission concept is complex, all of the 
systems that are new to planetary missions are sup¬ 
ported by terrestrial equivalents and could be tested 
on Earth. 

Descent systems for Venus have been employed: by 
the Soviet Venera missions. 

The airplane would be based upon technologies 
already demonstrated by Lockheed's 118 kg Aquila air 
vehicle. A small prototype of this unmanned vehicle 
has engaged a tether hung aloft by a balloon in the 
Earth's atmosphere and the Aquila itself has been cap¬ 
tured in a 5.4 m x 7.0 m net, the recovery being totally 
autonomous and guided by infrared sensors. The 
engine for the Venus airplane could not be airbrea¬ 
thing; it would utilise hydrazine and has been 
demonstrated in NASA's high-altitude, teleoperated 
Mini-Sniffer aircraft. 

The point of launching the ascent vehicle from mid¬ 
atmosphere rather than from the surface of Venus is to 
circumvent the deleterious aspects of high atmos¬ 
pheric density which induces drag and heating and 
makes for inefficient engine performance (rocket 
engines like to expand from high density in the 
chamber to low density outside). 

Surprisingly, the idea of launching a rocket sus¬ 
pended from a balloon goes back more than 50 years. 
In the musty pages of the July 1934 issue of Modern 
Mechanix and Inventions we read: "A balloon rocket 
conceived by a Wyoming inventor is expected to roar 
43 miles into the stratosphere. Carried 11 miles by the 
balloon, the operator cuts loose, ignites two opposed 
rockets and soars 32 miles higher." The actual capabil¬ 
ity to launch a balloon-suspended rocket was 
demonstrated 30 years ago in Project Far Side (Ford 
Motor Company, Aeroneutronic Systems). 

In addition to its intrinsic scientific merit, VSR would 
seem to be a good candidate for international coopera¬ 
tion: French balloons, Soviet landers, and US ascent 
and orbiting vehicles. 



An artist's conception of the Far Side rocket shortly after its second stage 
engine has ignited. The US Air Force project, initiated in November 1956, fea¬ 
tured a rocket suspended from a balloon and could serve as a prototype for 
part of the process of returning samples from the planet Venus. 

Aeroneutronic Systems, Inc. 


SET! And The Mind 


The search for extraterrestrial intelligence (SETI) is 
a topic that is rapidly growing beyond its origin as a 
sidelight to radio astronomy and may emerge as one 
of the thematic forces of our time. The theory of evolu¬ 
tion, formulated in the last century, and our century's 
rediscovery of the discrete aspects of the world, most 
visibly represented by digital computers and the 
theory of quantum mechanics, profoundly colour the 
way we think. This colouration extends well beyond 
the original domains of application in biology, compu¬ 
tation and atomic physics, respectively. Similarly, 
SETI has a two-pronged thrust: the search perse and 
the philosophical and cultural spinoffs from this effort. 
Of course, a positive result - first contact - would 
prove to be an epochal discovery, but the effects of 
SETI are already being felt. 

These effects are, to a significant extent, based upon 
the empirical datum of SETI that i s apparent to all of us 
except, perhaps, UFO enthusiasts; extraterrestrials are 
absent from Earth. The importance of this datum was 
pointed out by Michael Hart in a 1975 article in the 
Quarterly Journal of the Royal Astronomical Society: if 
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extraterrestrials exist, why have they not visited us? 
Where are they? Numerous attempts to explain this 
datum have appeared, and your correspondent's con¬ 
tribution, the epistemological solution, was discussed 
in the May 1986 edition ofthiscolumn. Epistemology is 
the theory of knowledge. The epistemological solution 
submits that we do not observe extraterrestials on 
Earth because the rate of evolution for a technical 
species exceeds its rate for (potential) interstellar mig¬ 
ration; a species setting out on a wave of colonisation 
would evolve into an advanced state, beyond our per¬ 
ception as we are to an ant's, long before reaching 
Earth. The virtueofthe epistemological solution isthat 
it avoids special pleading, such as explanations that 
claim we are alone in the galaxy or are in some kind of 
a quarantine zone. 

But, to appreciate the larger issues at stake in the 
analysis of the Hart datum, it helps first to review some 
events in the history of ideas. 

The view of the world that claims that matter is prim¬ 
ary and mind is just a function dependent on matter 
has been, since ancient times, contrasted with the view 
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that mind is primary and matter is unreal or unimpor¬ 
tant. In post-Renaissance times, if one were keeping 
score, it would seem that the idealistic philosphers - 
the proponents of mind - were initially winning the 
argument with their mort materialistic brethren. The 
works of Leibniz (1646-1716) (who was also a great 
mathematician and, with Newton, was a co-inventor of 
the calculus), Berkeley (1685-1753), Kant (1724-1804), 
Hegel (1770-1831), and Royce (1855-1916) presented 
an imposing case for the primacy of the mind. 

However, the familiar outcome of winning the battle 
but losing the Warsaw idealism on the wane in the late 
19th Century. The reason for this decline was that the 
main battleground changed; philosophers had been 
replaced by scientists in the centre ring of the intellec¬ 
tual arena, and the philosophy of science was domi¬ 
nated by the hard mechanism of Newton and Laplace. 
The momentum of this triumph has carried the 
materialistic view through the present day, but, ironi¬ 
cally, the seeds of a new idealism were sown by the sci¬ 
ence of quantum mechanics, around the turn of the 
century, at the crest of the materialistic wave. 

What is the connection of all this with SETI and 
Hart's datum? The epistemological content of the 
extraterrestrial problem of Hart puts it in a small but 
growing class of scientific problems that appear to rest 
upon idealistic foundations: the tight coupling of 
observer and observed in quantum theory, the so-cal¬ 
led anthropic principles in cosmology, and Martin 
Harwit's prediction of the completion of astronomical 
discoveries in a few hundred years (see my paper in 
the December 1985 issue of Vistas in Astronomy for a 
review of these topics). 


Thus, in working out some of the implications of 
SETI theory, we are participating in an activity that 
could redirect the flow of human thought in a manner 
every bit as decisive as the consequences of a success¬ 
ful search: first contact with extraterrestrials. 

It is worthwhile to reflect upon just how far the dis- 
i solution of matter has gone and what the consequ- 
! ences are for the "other" SETI, the search perse. 

! The physicist Heinz R. Pagels has characterised the 
current viewof matter: "the essential material reality is 
a set of fields" and "the intensity of a field at a point 
gives the probability for finding its associated quanta - 
the fundamental particles that are observed by 
experimentalists" (The Cosmic Code, Penguin Books, 
1984). Not much interpretation is required to realise 
that the old idea of a material world, external to and 
independent of us, is in trouble. We "experimen¬ 
talists" are woven into the field description and "parti¬ 
cles of matter" depend partly upon our actions. 

The change of importance with respect to SETI has 
not been the decline of materialism but rather the 
decline of its intellectual companion, naive realism: 
the idea of a common world to be viewed by ant, horse, 
human, and extraterrestrial. Therein lies the true diffi¬ 
culty facing SETI attempts - imagination that must be 
supplied to communicate between species which are 
wrapped up in their own subjective worlds. Although 
the epistemological solution, if accepted, solves the 
problem posed by Hart's datum, it identifies new chal¬ 
lenges that a search strategy must overcome. But 
nobody said the search would be easy. Let's get on 
with it! 


Comet Mission Progress 


In October of last year NASA announced the selec¬ 
tion of the scientific investigations which are now can¬ 
didates for inclusion in the payload of the Comet 
Rendezvous Asteroid Flyby (CRAF) mission. The selec¬ 
tion involved 14 instruments: three facility instru¬ 
ments developed by NASA and 11 developed by Prin¬ 
cipal Investigators and their teams. In addition, four 
scientists were selected to carry out interdisciplinary 
studies using data from several different instruments. 
A two-year instrument accommodation study will 
determine the final payload composition. 

Following this selection, the first meeting of the Pro¬ 
ject Science Group of CRAF was held November 18-20 
in Pasadena, California. The meeting, chaired by Pro¬ 
ject Scientist Marcia Neugebauer, introduced the 
newly selected investigations and investigators and 
served as a forum for discussing the mission, space¬ 
craft, and other topics of scientific relevance. 

The Imaging Science Subsystem, a facility instru¬ 
ment, will be used for the purpose of optical navigation 
as well as major comet and asteroid studies. The nine- 
person imaging team is led by Joseph Veverka of Cor¬ 
nell University., 

The second facility instrument, the Visual-Infrared 
Mapping Spectrometer (V|MS), will be used to investi¬ 
gate the mineralogy of the surface of the asteroid and 
the nucleusof the comet. It will also assist in the deter¬ 
mination of the composition of surface ices and coma 
gases during the comet-rendezvous phase of the mis¬ 
sion. A wide variety of cometary constituents are 
expected to be detected by VIMS: silicates, hydrocar¬ 
bons, carbonates, sulfates, phosphates, clays, salts; 


ices including those of water, carbon dioxide, 
ammonia, methane, and hydrogen sulfides; plus 
molecules in the coma and ions in the tails. The team 
leader for VIMS is Thomas B. McCord of the University 
of Hawaii. 

The spacecraft telecommunications subsystem 
(TCS) will, like the imaging subsystem, serve the needs 
of both science and engineering. Using it as a scientific 
(facility) instrument, the TCS team, led by Donald K. 
Yeomans of JPL, will conduct radio science investiga¬ 
tions (see the June 1986 edition of this column) includ¬ 
ing estimation of the mass of the comet. 

An important instrumentation package is the Penet- 
rator (the Principal Investigator is William V. Boynton 
of the University of Arizona). The Penetrator is a 
pointed, spear-like projectile which will be fired from 
the spacecraft to imbed itself in the comet's nucleus to 
a depth of up to one metre. The Penetrator carries five 
instruments: a gamma-ray spectrometer, an 

accelerometer, thermometers, a calorimeter, and a gas 
chromatograph. 

The Thermal Infrared Radiometer (Francisco P.J. 
Valero of NASA's Ames Research Center) will produce 
temperature maps of the surface of the nucleus. The 
maps will identify hot spots which may signify jetting 
activity. 

A Dust Counter (W. Merle Alexander of Baylor Uni¬ 
versity) will measure the mass of particles striking the 
spacecraft and will function as a warning device to pro¬ 
tect the spacecraft against an excessive flux of parti¬ 
cles from the nucleus. The Dust Particle Analyzer 
(Jochen Kissel of the Max Planck Institut fur 
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Kernphysiks, Federal Republic of Germany) utilises a 
high-resolution mass spectrometer to determine the 
chemical composition of individual dust grains. The 
dust will also be examined in detail by means of a 
Scanning Electron Microscope and Particle Analyzer 
(Arden L. Albee of the California Institute of Technol¬ 
ogy). The images produced by this instrument will be 
compared with images of "cosmic dust" found high in 
the Earth's atmosphere in order to determine whether 
the Earthly detritus is of cometary origin. Gases liber¬ 
ated from heated samples of dust and ice will be sub¬ 
jected to analysis by the gas chromatography 
technique employed in the Ice and Dust Bulk Analyzer 
(Glenn C. Carle of NASA's Ames Research Center). 

Three instruments will focus on the interaction bet¬ 
ween the comet and the solar wind: Magnetometer 
(Bruce T. Tsurutani of JPL), Plasma Analyzer (James L. 
Burch of Southwest Research Institute), and Plasma 
Wave Analyzer (Jack D. Scudder of NASA's Goddard 
Space Flight Center). 

The composition and flow direction of gas and 
charged particles streaming from the nucleus into the 
surrounding coma will be studied by use of the Neutral 
Mass Spectrometer (Hasso B. Niemann of NASA's 
Goddard Space Flight Center) and the Ion Mass Spec¬ 
trometer (Thomas E. Moore of NASA's Marshall Space 
Flight Center). 

The CR AF project hopes to receive a Fiscal Year 1989 
new start. A "new start" signifies presidential, then 
congressional, approval to move from the pre-project 
phase to the status of approved project, leading to 
launch. Fiscal year 1989 begins in October of 1988, and 
the President's budget for that year will be presented 
to Congress in January of 1988. 

The baseline plan for CRAF, a mission to Comet 


Tempel 2, begins with a February 1993 launch using a 
Titan IV/Centaur G-prime launch vehicle. An alterna¬ 
tive launch with a Shuttle/IUS combination in June 
1993 is possible. This mission, unlike the baseline, 
would require a solar-electric propulsion stage in order 
to achieve Comet Tempel 2. 

The baseline mission includes a flyby of Venus at 
9000 km altitude in August 1993 in ''-derto receive a 
gravity assist. The Earth would be encountered in June 
1994, with a flyby altitude of only 300 km, to receive a 
second gravity assist. The vowel in "CRAF" would be 
justified in January 1995 by an encounter with the 
asteroid 46 Hestia (136 km diameter) for the purpose of 
gathering scientific data; the flyby speed is calculated 
to be 11.4 km/s. 

Arrival at Tempel 2 is scheduled for October 1996. 
After rendezvous with the nucleus, at the time it will be 
near its furthest point from the Sun (aphelion), the 
spacecraft would proceed to direct the full resources of 
its scientific payload to a study of that pristine piece of 
solar system territory. Tempel 2, which has an orbital 
period of 5.3years, will reach perihelion on September 
8,1999, and the CRAF nominal mission would end on 
December 31,1999. 

The CRAF project team has shown the ability to 
redesign the mission in response to several launch- 
date slips due to the lack of a new start, for funding 
reasons. Although fiscal constraints are indeed tight, 
the fundamental scientific importance of this mission, 
coupled with the exceptionally strong plan developed 
by the cost-conscious CRAF team, bode well for the 
future of this NASA project. 

CRAF is managed by JPL for NASA’s Office of Space 
Science and Applications. Ronald F. Draper of JPL is 
the Project Manager. 


I n this overview of the proposed Comet Rendezvous Asteroid Flyby (CRAF) mission, three segments of the trajectory are apparent. The first winds around the inner 
Solar System, with gravity assists from Venus and Earth, in order to gain energy for the second segment, the cruise toTempel 2 (with a flyby of the asteroid Hestia). 
The rendezvous with the comet constitutes the third, principal, segment. NASA/JPL 
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Artificial Intelligence 


The subjects of artificial intelligence and expert sys¬ 
tems were addressed in last month's column as they 
relate to applications in building spacecraft observing 
programs or ‘sequences”. This month the work of a 
second group at JPL will be reviewed: the Artificial 
Intelligence Research Group, supervised by David 
Atkinson. The charter of the group is to bring basic 
research in artificial intelligence to bear upon NASA 
work. This objective is accomplished by identifying 
and adapting research done in universities and by per¬ 
forming basic research within the group itself. 

A major thrust has been a planning and reasoning 
task in support of the JPLtelerobot. “Telerobot" can be 
dissected to reveal its meaning: "tele" indicates con¬ 
trol from a distance, such as used in "telemetry" (mea¬ 
surement from a distance), while "robot" implies 
autonomy of operation. Thus, a telerobot will have the 
capabilityto perform some tasks on its own and will be 
guided in others by a remotely located human 
operator, possibly using the sensory systems of the 
telerobot to gather information. 

The JPL telerobot has several potential applica¬ 
tions: in the satellite-servicing bay of the Shuttle or 
Space Station and as the "smart" front end of an orbi¬ 
tal manoeuvering vehicle that wou Id be sent to service 
satellites in orbit. The telerobot features two industrial 
robot arms and a stereovision system. In 1996, when 
the telerobot is fully operational on-orbit, an astronaut 
will be able to give the device a high-level command 
such as "replace the main electronics box" (on a satel¬ 
lite) and expect to have this job completed success¬ 
fully. 

The most challenging part of the planning and 
reasoning task for the telerobot is to build a recovery- 
from-error capability. Unlike industrial robots, which 
usually work in relatively standardised environments, 
the telerobot will often labour in situations compli¬ 
cated by uncertainty and change. For example, a tool 
might slip and be floating in the area. The telerobot has 
to be able to sense that an error has occurred, diagnose 
the problem in detail, and develop a plan of action to 
recover from the error. A second example of the type of 
situation that the telerobot might have to cope with 

A Manned Manoeuvring Unit with a "smart” front end. Such a telerobot could 
be used for building large structures in space. Martin Marietta 



Research 

was furnished by the (human) on-orbit repair of 
NASA's Solar Max satellite: inaccurate engineering 
drawings for the satellite caused problems for the 
Shuttle astronauts. 

SolarMax has been selected as a study case, and a 
demo in 1988 will involve the telerobot operating on a 
mockup of Solar Max at JPL 

A seixmd effort of the group is to develop route plan¬ 
ning and navigational capabilities for a planetary rover 
which could figure prominently in the future explora¬ 
tion of Mars. The sensor for the rover is presumed to be 
a stereovision system. The product of the sensor will 
be, after some computes processing, a contour map of 
the region of Mars to be traversed by the rover. The 
robot will use this map, along with other knowledge of 
the terrain and robot capabilities, to find a safe path 
which it is able to travera. Initial plans call for exten¬ 
sive human supervision of the rover over short paths. 
Later, more sophisticated route planning would shift 
more of the planning onus to the rover itself. Eventu¬ 
ally, the system might be able to select its own long¬ 
distance routes given only its destination for guidance, 
perhaps, even, in such general terms as "go over to 
Ridge X and collect samples." 

Problems often arise in planetary mission opera¬ 
tions and need rapid diagnoses so that data loss is 
minimised and spacecraft safety is maximised. The 
program FAITH (Forming and Intelligently Testing 
Hypotheses) has been devised to assist humans in the 
act of diagnosis. The Voyager photopolarimeter sub¬ 
system was used as a model, and FAITH operated 
upon simulated telemetry from this instrument. The 
program showed the ability to diagnose 76 different 
types of faults in a demonstration done in 1985. 

The Hypercube is a concurrent processing compu¬ 
ter being developed at Caltech/JPL (see the April 1985 
edition of "Space at JPL"). Most present-day comput¬ 
ers operate as sequential machines-they process jobs 
one after the other. The concurrent processor has 
many semi-independent processors ("nodes") that 
each, at the same time, address part of the problem to 
be solved. The scheme has shown considerable prom¬ 
ise in producing machines with great computing 
power at low cost, but it suffers the disadvantage that 
most computer programs, including operating sys¬ 
tems, have been written for sequential machines. The 
concurrent processor has a lotofcatchinguptodo. Fil¬ 
ling part of this gap, Atkinson's group is developing an 
object-oriented programming language to work on the 
Hypercube. The "objects" in this case are the nodes of 
the Hypercube. These nodes are sent high-level 
instructions and then local code, within the node, takes 
over. In this way, a distributed planner is being con¬ 
structed. 

Although arguments flow back and forth through 
the literature of computer science as to whether or not 
machines will ever exhibit intelligent behaviour - and, 
since the argument is not complete, the term "artificial 
intelligence" may be premature - nonetheless, a host 
of useful applications is emerging from these new 
programming techniques, however they should be 
labelled. 

Right: Solar Max, seen here following its retrieval in 1984, has been selected 
as a study case by JPL for telerobot operation. 
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Canadian Government 
Partners Space Industry 

A new approach to govummwit-industry co-operation began in 
Canada in 1986 with the rigiaig of a Memorandum of Understan¬ 
ding by the Chairman and Chief Executive Officer of Spar Aeros¬ 
pace Limited, Larry D. Cfarta, and the Minister of Regional Indust¬ 
rial Expansion, Sinclair S te ve ns, in Montreal. 



Remote Sensing by Radar 


Canada's first remote sensing satel¬ 
lite will have the ability to see through 
any weather conditions when it is 
launched by the Shuttle into a near- 
polar orbit in the early 1990's. 

Named Radarsat, its principal 
instrument wijl be a synthetic aperture 
radar with six beams that can be cho¬ 
sen to view a swath of 130 km width 
between 20 degrees and 40 degrees 
from the nadir. The satellite will also 
carry multispectral optical sensors, 
including an advanced radiometer 
employed mainly to monitor soil mois¬ 
ture and crop conditions and a scat- 
terometer to measure liquids over the 
ocean. 

Engineers at Canadian Astronautics 


Limited (CAL) have been designing 
three elements of the radar - a low- j 
power transmitter, the receiver and a 
calibration system for ensuring the 
system's accuracy when in orbit CAL 
is currently undertaking the detailed 
design of the radar's deployable i 
antenna which consists of five panels 
that are folded together during launch. 

Details of the radar, recently j 
released, are: Antenna size (deployed) 
12.9 m x 1.5 m; Frequency 5.3 GHz: 
Bandwidth ± 15 MHz; Pulse Repetition ; 
Frequency 1200-1400 in steps of one; i 
Power 100 W; Mass 471 kg; Life five i 
years in LEO. Radarsat is being rede- j 
signed to allow on-orbit service by the j 
Space Shuttle-a change that will dou- j 
ble the satellite's lifetime. 


The agreement will enable Spar to 
leehrTTda the long-range research 
and development necessary to 
e nhance its market position in such 
mwm% as ^>ace communications, tele- 
wMb and electro-optics. The Gov¬ 
ernment will, over the next five years, 
riwit some $130 million in this effort, 
wMe Spar will invest $170 million. 

'This historic signing recognises 
that government and industry have a 
and stake in our country's future in 
■haxeJ technology. We welcome 
both the challenge and the obligation 
it lays on us, ' said Mr. Clarke. 

'The essential difference in the 
Gwinw m's role from that in the 
past is that for the first time it joins us 
in the pr o ce ss - a process that com¬ 
mits Joint financial support to research 
and development programmes over a 
multi ye ar time frame. Thus Spar can 
move ahe a d with the firm Assurance of 
the leiamial resources that will be 
a va d abl e to us in the pursuit of our 
mmfcst ob j ect i v es. The Government, 
in twn, is given a continuing overview 
of the ervtfnnent of public funds." 


An artist's impression of Radarsat being removed from the Space Shuttle's cargo bay by the Canadvm 
prior to its transportation to final orbit by an orbital manoeuvring vehicle. 








CANADA 



Removal of the Olympus satellite thermal model following testing in a vacuum chamber. SPAR 


Olympus Tested in Canada 

Completion of environmental tests of the ESA Olympbs spacecraft in 
1986 at Ottawa's David Florida Laboratory (DFL) and the National 
Aeronautical Establishment's Ottawa facility (NAE) confirmed the versati¬ 
lity and effectiveness of spacecraft test facilities that are now available in 
Canada to satellite builders. 

Olympus is a new generation of large European multi-purpose communi¬ 
cations satellites whose service include direct-to-home TV broadcasting. 
Project definition studies were conducted during 1980 and 1981 and full 
development was initiated at the start of 1982. The first satellite is now 
scheduled for an Ariane launch in 1988. 

Olympus will carry a two-channel TV payload suitable for a high-power 
direct-to-home broadcasting in the 11.7-12.5 GHz band. One channel will 
be employed for pre-operations services in Italy while the other will be 
steerable to support experiments and demonstrations over the whole of 
Europe. Transmission of a single 'European' programme over the whole of 
Europe for reception by individual and community/cable lead installation 
will also be provided. 

The Canadian tests included structural and model vibration and acous¬ 
tic testing to qualify the satellite for launch by either the Space Shuttle or 
Ariane. In-orbit thermal performance was tested on the thermal model 
using an infrared technique as a potential alternative to solar simulation 
testing. Various new technologies were introduced including an extremely 
accurate system to measure satellite temperature to within 0.2°C. 

Canada, as an associate member of ESA, plays a key role in the Olympus 
project. Star Aerospace, besides being involved in th e Olympus tests with 
British Aerospace, the prime contractor for the programme, is also building 
the extensive solar arrays in co-operation with Fokker of the Netherlands. 

The other countries participating in the main development phase of the 
Olympus programme are Austria, Belgium, Denmark, Italy, The Nether¬ 
lands, Spain and the UK. Some 40 major industrial sub-contractors are sup¬ 
porting the development. 
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INMARSAT SYSTEM 


Representation of 
how the third genera¬ 
tion INMARSAT satel¬ 
lite would cover the 
uneven distribution of 
vessels and aircraft 
across the Atlantic 
Ocean. CAL 


Pin-Pointing 

by 

Satellite 


A third generation satellite system is 
planned by INMARSAT for introduction 
over the Atlantic with the first launch in 
1995. The projected traffic for all INMAR¬ 
SAT services is expected to grow from 
the existing 5,000 vessels in a single 
global beam to as many as 50,000 ves¬ 
sels by the year 2005 requiring as many 
as 61 beams. 

Canadian Astronautics Ltd (CAL) is 
under contract to INMARSAT, whose HQ 
is in London, England, to perform a 
'Study on Satellite Spot-Beam Config¬ 
urations to provide for maximum re¬ 
use'. The extremely uneven traffic dis¬ 
tribution across any ocean presents a 


challenge for conventional frequency re¬ 
use antennas. 

The third generation satellite system 
designed by CAL has been optimised for 
maximum channel capacity within the 
lower and mass*limitations of available 
spacecraft buses and launchers. The 
study demonstrates that a simple 
spacecraft transponder with a 3.4 metre 
reflector antenna can handle over 50,000 
vessels in a frequency re-use 5 MHz 
bandwidth for the spot beam (standard 
B) service, as well as 10,000 users of the 
existing spot and/or global beam (stan¬ 
dard A) service, the small ships (stan¬ 
dard C) service and Aeronautical ser¬ 
vices, to well beyond the year 2000. 
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Emergencies 

The highly successful international 
search and rescue satellite system, 
COSPAS-SARSAT, has four participat¬ 
ing countries: Canada, France, the US 
and the USSR. Since the launch of the 
first satellite, COSPAS 1, in 1982 over 
450 lives had been saved by the end of 
1985 in rescue missions around the 
world. 

All important for the early detection 
and recognition of emergency signals 
is the quality of receiving equipment at 
the ground station to which the 
emergency signals are relayed back via 
the satellite. The technical difficulty is 
caused by the general use of inexpen¬ 
sive, low power emergency beacons 
which were never designed with this 
type of locating in mind. The received 
signals are very weak, unstable and 
carry no identification to assist in dif¬ 
ferentiating one from another. 

Canadian Astronautics Limited 
(CAL) has been an important supplier 
of ground station equipment with its 
SARSAT Local User Terminals (LUT) 
which have performed with a pinpoint¬ 
ing accuracy averaging about 15 km. 



Chain of communica¬ 


tion demonstrating the 
capability of the SAR¬ 
SAT system in relaying 
information quickly to 
rescue services from a 
remote location. CAL 



The LUT receives distress signals at the three frequencies 
of 121.5 MHz, 243 MHz and 40G MHz . The technological key 
to the system is the CAL-developed signal processing which 
is able to receive and process the weak and unstable signals 
emitted by the most common emergency transmitters 
operating in the 121.5 MHz band. More than 350,000 
emergency beacons installed in aircraft and vessels around 
the world transmit at this frequency. 



Left and below left: Dis- 
tress signals broadcast 
by transmitters from* 
remote places such as 
the Arctic and (below) a 
typical Local User Ter¬ 
minal which would pin¬ 
point the origin of the 
signals to within an 
average of 15 km. 
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Canadian 
Speaks To 
Canadian 

The advent of the communications 
satellite has proved to be a great 
benefit for the sprawling territories of 
Canada, which now has the most 
extensively-developed domestic satel¬ 
lite system in the world. 

Spaceflight (July/August 1985, pp 
314-317) presented the story of the 
early phases of this programme and its 
development to the present stage in an 
article entitled 'Canada's Satellite Sys¬ 
tem' by Peter Jedicke and Clifford 
Cunningham. Extracts of this article 
provide the following information 
about the latest 'Anik' satellites. The 
name 'Anik' was chosen for Canada's 
own satellite hardware in a nationwide 
contest: it is the Inuit (Eskimo) word for 
'brother'. 

Anik C was the first satellite of this 
series to apply the mid-1970's techno¬ 
logy to meet the requirements of a 
domestic communications satellite 
system. Three models were con¬ 
structed by Hughes with substantial 
subcontracting to Canada's Spar 
Aerospace Limited. When the third 
one, Anik C3, was ready so was the 
Space Shuttle: and in order to 
minimise the expense of moving satel¬ 
lites into and out of storage, Anik C3 
was launched first. The Anik C series 
are 16-channel 14/12 Ghz satellites and 
are the mainstay of TV satellite use in 
Canada. 

The first Brazilsat communications satellite 
launched from Kourou by Ariane V12 on February 
8, 1985. This and a second Brazilsat, launched by 
Ariane in March last year, were built by Spar 
Aerospace. Canada. 




Integration and testing of the Canadian-built Brazilsat communications satellite by Spar Aerospace at the 
David Florida Laboratory in Ottawa. SPAR 


The two spacecraft of the Anik D 
series have 24 channels in the 6/4GHz 
band and will replace earlier Aniks. 
Spar Aerospace assumed the role of 
prime contractor for these satell ites - a 
major responsibility for a Canadian 
company to undertake. Also for the D 
series, the Department of Communica¬ 
tions expanded its David Florida 
Laboratory at Ottawa to become 
Canada's first facility for integrating 
and testing large satellites. 

Anik D was launched from Orbiter 
Discovery on Mission 51A on 9 
November 1984 ( Spaceflight, June 
1985, p 260). Before itwasreleased.the 
orbit was circularised at 302 km 
altitude by two engine burns. Checkout 
of the satellite went well and as Discov¬ 
ery crossed the equator, the spinning 
drum-shaped spacecraft was ejected 
from the payload bay exactly as plan¬ 
ned. As soon as the Orbiter was at a 
safe distance, some 45 minutes after 
deployment, the solid-propellant 
motor was fired to push Anik into a 
geosynchonous transfer orbit. The per¬ 
fect 87 second burn set the satellite up 
for its eventual positioning over the 
equator at 111.5°W longitude. Anik was 
put into storage at this location to wait 
until 1986 to come into full service. 
Telesat Canada, the owners, took such 
an unusual step after deciding it would 
cost less to launch the spacecraft in 
1984 and store it in orbit for two years 
than it would cost to launch it in 1986 at 
increased Shuttle prices. In view of the 


curtailment of Shuttle launches and 
the increase of launch failures in 1986 
the move was more advantageous 
than could possibly have been fore¬ 
seen. 

A considerable investment has 
been made in Earth station equipment 
for linking satellites withtheir commer¬ 
cial users. Command and control is 
accomplished from a central control in 
Ottawa, which communicates with the 
satellites through a major Earth station 
at Allan Park, Ontario. At the same 
location is one of the two prime Earth 
stations for the Canadian system, the 
other one being at Lake Cowichan, 
British Columbia. Each of these sta¬ 
tions has a 30 m antenna and provides 
a trunk message service across south¬ 
ern Canada. Another station on the 
east coast at Mill Village, Nova Scotia 
provides Teleglobe Canada's links to 
the international system. Over 100 
smaller stations, with antenna up to 10 
m in diameter, are situated at various 
locations around the country 

In their entirety, Canadian telecom¬ 
munications form a vast grid stretch¬ 
ing across land and water from the east 
to west coasts, with branches north 
and south and extending into virtually 
every community. The network con¬ 
sists of open wires, cables, microwave 
systems, the domestic communica¬ 
tions satellites and a vast array of diffe¬ 
rent types of switching facilities that 
are able to link everything from tele¬ 
phones to computers. 
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riOTOL* 

I m^mw I \^kl Launch Proposal 

Sir, I am writing to propose an alternative means of launching Hotol - by 
launching it from a modified Boeing 747 jumbo jet. 

Risks are involved with Hotol's current launcher trolley and there could be 
scaling and/or payload advantages using an air launching technique. 


I 



A specially developed aircraft would certainly cost 
several hundred million pounds to design and pro¬ 
duce. However, I suggest that the trusty old Boeing 747 
could do the job. 

Atpresentthecaseis marginal as the current take-off 
weight of Hotol is quoted at 230 tons and the current 
maximum take-off payload of a Boeing 747. including 
fuel, is about 233 'short" tons. But by the time that 
Hotol is likely to be developed, the next generation of 
Boeing 747s - the series 500. which will have a much 
larger wing and new ultra high bypass engines - 
should be available. A stripped down version of this 
aircraft should be able to taxe-ofT wfth a fully fueled 
Hotol and beabletocruisetoasu^oent altitude to air- 
launch Hotol successfully 



The next question Is-^coud Hotol physically befit¬ 
ted on top of a Boeing 747. ir a similar fashion to 
NASA's shuttle carrier aircraft. bearing in mind that 
Hotol is somewhat largerth-an me Shuttle? After an ini¬ 
tial sketch, which showed that T might fit - I decided to 
make a 1:144 scale mode! cf "my" proposed Boeing 
747/Hotol and I should here stress that "my" Hotol is 
unofficial and based only on out:shed information. 

In my design I have co rT 'c*e5e i y removed the Boe¬ 
ing's tailfin as it would prcoan-v be destroyed by 
Hotol's exhaust and would a?so present a severe foul¬ 
ing hazard during the ir- fi gnt. aurcn separation man¬ 
oeuvre. The twin tailfins are mus a'ger than on the 
NASA 747. 

Thus, provided that there are no insuperable 
aerodynamic or c.g. objections to me idea the Boeing 

The climb to orbit is powered Dy a hytr - ~~~ “•* m- _* ses atmospheric 
oxygen before switching over to onboa'C ;r.pe-* =-s 's'6' atmosphere is 

reached. 











747/Hotol combination could 
serve any or all of the following 
functions. 

1. As a ferry-Hotol will need to 
be ferried from factory to 
launch site - and on occa¬ 
sion may have to be "re¬ 
trieved" from a diversionary 
or emergency landing site. 


2. As an air-launcher for initial flight and landing 
tests similar to those of the early Shuttle 
"drop" tests. 

3. As an actual air-launcher for fully fueled Hotol 
orbital missions. 

4. If '3' above proves impracticable - why not 
simply use the Boeing 747 carrier as a "trolley" 
itself (i.e. thundering down the runway with 
Hotol on its back - but with the Boeing not tak¬ 
ing off itself)?. 

In conclusion, the Boeing 747/Hotol combination 
could offer several benefits; chief among which are, 
the possibility of scaling Hotol down - due to a lower 
take-off fuel requirement, or alternatively an increased 
payload capacity especially valuable for future more 
ambitious missions. 

As a final aside - might it also be possible to fit a 
Liquid Hydrogen/Liquid Oxygen separation plant into 
a second converted Boeing 747. The pair of Boeings 
would then provide Hotol with a truly flexible launch 
capability being independent of any particular launch 
site. 

BERNARD CARR 
Surrey, UK. 


The Boeing 747/Hotol combination climbs to altitude. The aircraft 
shows a close similarity with the NASA 747 used to carry the Shuttle, 
the single tailfin being replaced by twin tailfins. The scheme has other 
applications than that of launching Hotol - as a ferry from factory 
to launch site or for retrieval from an emergency launching site. 






The moments following separation. 
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Copernican Heliocentric Theory 

Sir, I cannot fully agree with the comments in your 'Space at 
JPL' report (Spaceflight, January 1987, p. 43) that lack of stel¬ 
lar parallax still counted against heliocentric theories etc. etc. 

Bessel merely confirmed what had long been accepted in 
leading astronomical circles ever since James Bradley (third 
Astronomer Royal) published his findings in 1728,110 years 
before Bessel published his work on 61 Cygni. 

Bradley carried out accurate measurements on several 
stars (principally X Draconis) commencing serious work in 
November 1725. By March 1726 he had already detected a 
shift of 20 arc seconds, and prophesied that it ( X Draconis) 
should return to its original position by November 1726-and 
it did! 

In 1728 Bradley published and gave a detailed account to 
Edmund Halley (then the Second Astronomer Royal) sub¬ 
sequently to be printed in the Royal Society's Journal 
"Philosophical Transactions" (No. 406 vol. XXXV page 637). 

Bradley knew that any real parallax would be small for, 
having measured the aberration constant as being 20" and 
20.5" (today's figure is accepted as 20.47") he went on to say: 

"I am of the opinion that if it were 1" I should have perceived 
it." In fact the modern accepted parallax for X Draconis is 
0.017". Bradley also.knew that he had not measured parallax ! 
for the observed shift was 90 degrees out of phase of the 
expected parallax effect. 

At the end of his letter to Halley he stated: "There 
appeared therefore after all no sensible parallax in the fixed 
stars, the anti Copernicans have still room on that accountto 
object against the motion of the Earth; and they may have (if 
they please) a much greater objection againstthe hypothesis 
by which I have endeavoured to solve the aforementioned 
phenomena, by denying the progressive motion of light, as 
well as that of the Earth ... I do not apprehend that either of 
these postulates will be denied me by the generality of the 
astronomers and philosophers of the present age." 

This was a real backhanded slap in the face for the anti- 
Copernicans, for Bradley was quite right - he was not "de¬ 
nied", and his postulates were accepted as proof of Coperni¬ 
can heliocentric theory and also that the velocity of light was 
finite. 


6 June 1987, Warn to 5pm Symposium 

THE 

SOVIET 

SPACE 

PROGRAMME 


Offers of papers are invited. Society members with a 
special interest in the Soviet Space Programme are 
invited to attend the symposium to be held at the BIS 
HQ, London. 

☆ ☆ ☆ 

A registration fee of £5.00 is payable. Forms are availa¬ 
ble from the Executive Secretary, British Interplanetary 
Society, 27/29 South Lambeth Road, London SW8 1SZ. 
Please enclose a stamped addressed envelope. 


In the course of current extra mural research on the 
memories, life, and works of Bradley, I have always been 
impressed by his concise statements of facts as he observed 
them, and the expressed simplicity with which he drew his 
brilliant conclusions. 

Bessel drew on Bradley's observations for much of his 
own work and in 1818 published the reduced tables for 1750- 
1762 whose average errors were less than 4" in declination 
and 15" in right ascension. Bessel was very impressed and 
said so. 

Because his observations were so accurate, Bradley's 
work is of considerable value today, particularly if long term 
stellar movements are involved such as proper motion of 
single stars or orbital motion of double or multiple stars over 
a period of approximately 250-280 years. 

In summary, Bradley killed pre-Copernican planetary 
theories, Bessel just buried them! 

A.T. LAWTON 
Shepperton, UK 


Soviet Launchings 

Sir, I note that David Anderman ( SpeceMght . December 
1986, p.417) asks for iderroftLabon of a particular oceano¬ 
graphic satellite launched from Plesetsk. The satellite in 
question is almost certainly Cositke 1766 since it was 
announced in a Tass release as an cs^mographic vehicle 
and was launched on July 28. 1986. That also says that 
Robert Christy's ID of Cosmcs 1766 as an Elint class craft is 
incorrect. There have been a numto of oceanographic craft 
whose orbital parameters are. for ail practical purposes, 
identical to those of the 82_XX (fegree Elint spacecraft. In 
many - if not all - cases there have been Tass announce¬ 
ments identifying them. (Ed. — Robert Christy issued an 'Up¬ 
date' on Cosmos 1766, which apprared in the February issue 
of Spaceflight priorto the receipt of this letter). 

Coincidentally, I would like to take issue with David Ander- 
man’s analysis, "Soviet Orbital Masses" ( Spaceflight, 
January 1987, p.16). While, regrettably, I am unable to locate 
it I have in my data banka Soviet paper dearly noting that the 
mass of Meteor satellites is only 1 237 kg (2727 lb). The use of 
the Vostok (or Soyuz) booster to place so small a spacecraft 
in orbit compared to the capabilities of those boosters is, to 
say the least, wasteful of resources. In the area of space activ¬ 
ity I am convinced the Soviet Union does not use its 
resources in such a manner. While the first three Sputniks 
used the sustainer and strap-on mode of the Vostok booster 
only because that was the only launch vehide available, by 
the time the Meteors came along there were several boos¬ 
ters tuned to its needs for launching. 

Vostok uses a much smaller upper stage than does the 
Soyuz booster and the difference in the capabilities is appa¬ 
rent enough: 4635 kg in orbit for the Vostok, and 7030 kg for 
the Soyuz version. The former is well represented by the Vos¬ 
tok spacecraft (the weight is now used regularly for recon¬ 
naissance craft of an earlier generation) and the latter, of 
course, for launching the Progress, Soyuz and other space¬ 
craft in the same weight class. A more likely launcher for the 
Meteor is the F-2 whose capabilities probably range to 2000 
kg, depending on the orbit selected. 

The Vostok stage does not enter orbit at ". . . a higher 
altitude than its payload". What happens is the payload and 
stage separate and then the remaining propellant, slowly 
evaporating out through the nozzle, yields a small thrust that 
brings the stage into a slightly higher orbit. This phenomena 
was observed in all the flights Vostok 1 to 6. 

SAUNDERS B. KRAMER 
Maryland, USA 
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Soyuz Note 

Sir, The theory of Mr. Phillip S. Clark [1] that the Soyuz cap¬ 
sule was based on the 1960-61 General Electric Apollo prop¬ 
osal "D-2" is corroborated by a more detailed sketch [2,3] 
which gives dimensions. 

It shows that as in the Soyuz, whose crews apparently 
descend to their couches by foot straps, launch pad entry to 
the D-2 was planned through a hatch in the orbital module. 
As in Korolyov's 1962 plans [4,5], but differing from the final 
Soyuz, a space traveller is shown sitting transversely to the 
spacecraft axis. At the bow of the orbital module is a bulky 
television camera to view him, equivalent to the location in 
the Soyuz. 

But no periscope nor provision for docking mechanism 
was made in the D-2; the only porthole is in the orbital mod¬ 
ule. Unlike both the Soyuz and the final Apollo, the 
parachutes are forward of the cosmonauts' feet, indicating 
that they would have re-entered heads-up. And like several 
of the Apollo proposals [6], lift for the nine-degree blunted 
cone re-entry module was planned to be improved by flaps. 
Soyuz has a 7.5 degree blunted cone, even more internally 
space-efficient. 

FRANK M. SOBOLEWSKI 
Mass., USA 

1. Clark, Philip S., and Gibbons, Ralph F., "Evolution of the Soyuz Programme," JfUS , Vol. 
36,434-51. 

2. Butz, J.S., Jr. "What are the Lessons of Vostok?" Air Force, March 1962, 36 et seq. 

1 "GE Apollo Mockup and Configuration Detailed," AW&ST, Jan. 1,1962, p.19. 

4. Keldysh, M.V., ed , "The Creative Legacy of Academician Sergei Korolyov", Nauka Pub¬ 
lishers. Moscow, 1980. 

5. Wachtel, Claude. "Design Studies of the Vostok-J and Soyuz Spacecraft," JBIS, Vol. 35, 
92-94 

6. 'Apollo Spacecraft Chronology, The." NASA SP-4009. Scientific and Technical Informa¬ 
tion Division, Office of Technological Utilization, NASA: 1969 Vol 1., p.90. (cf. p.72). 

Soyuz 4/Soyuz 5 Launch Times 

Sir, In 1969 the Soviet Union announced launch times of 
07.39 and 07.14 GMT for the Soyuz 4 and Soyuz 5 spacecraft, 
launched on 14 and 15 January respectively. These launch 
times seem to be in error. 

Calculations using the "Two-Line Orbital Elements" pre¬ 
pared by NORAD suggests that the launch times were actu¬ 
ally 07.29 and 07.05 GMT, with an expected error in the calcu¬ 
lations of one minute. So, what are the times announced by 
the Soviets? From subsequent missions, the interval bet¬ 
ween launch and orbital injection is nine minutes, so it would 
seem that for Soyuz 4 and Soyuz 5 the Soviets announced the 
times of orbital injection, notthe true launch times. 

The same type of calculations based upon the "Two- 
Lines" confirms the landing times of 06.53 on 17Januery and 
08.00 on 18 January (both GMT), giving flight times of 2d23h 
24m for Soyuz 4 and 3d Oh 55m for Soyuz 5 when using the 
calculated launch times. The recent encyclopaedia edited by 
V.P. Glushko gives lifetimes of 2d 23h 21m and 3d Oh 54m for 
these missions. The Soyuz 5 duration is a minute in error - 
the error bound claimed for the calculated launch time 
figures-while that for Soyuz 4 differs by three minutes. Ifthe 
Soviet launch times were to be used, the errors would be 
seven minutes (Soyuz 4) and eight minutes (Soyuz 5). 

P.S. CLARK 
London 

Surviving Re-Entry 

Sir, What would happen to a piece of paper or metal foil 
ejected from the Space Shuttle in low Earth orbit? Would it 
bum up on re-entry or simply drift down to Earth? 

NEIL ROGER 
Canada 



Soyuz 40 

Sir, The accompanying picture which was included in 
my report on the meeting with cosmonaut Viktor 
Savinykh ( Spaceflight, January 1987, p.17) is espe¬ 
cially interesting. It not only depicts the two cos¬ 
monauts who actually flew the Soyuz-40 mission 
(Dumitru Prunariu extreme left, Leonid Popov extreme 
right), but also the two other cosmonauts who trained 
as part of the Soviet-Romanian flight (standing in bet¬ 
ween Prunariu and Popov); these are Soviet comman¬ 
der Yuri Romanenko and Romanian would-be space¬ 
man Dumitru Dediu. 

It is widely believed that Romanenko and Dediu were 
the flight crew, but had to be replaced by Popov and 
Prunariu (the back-ups) due to a medical or technical 
problem which cropped up just hours or days before 
the scheduled launch. Yuri Romanenko had repor¬ 
tedly been a last-moment choice himself, bumping 
Valeriy Bykovskiy and/or Yevgeniy Khrunov very late 
in the training process [ 1 ]. 

Incidentally, Viktor Savinykh is now back on active 
duty, training as back-up flight engineer for the Soviet- 
Syrian space mission to Mir, which is tentatively set for 
launch on July 22, 1987. 

BARTHENDRICKX 

Belgium 

Reference 

111 Sp*aMght. June 1984, p 278-279 


Ed. \ The appearance of Yuri Romanenko in the above 
photograph has gained a new topicality with the 
launch of Soyuz TM-2 on February 5, 1987 as he is 
its mission commander. 


Early Arrival 

Sir, You might be interested to know that I have received my 
January 1987 issue of Spaceflight by January 21, only a few 
days after arrival of the November issue. The newly intro¬ 
duced accelerated method of dispatch certainly does repre¬ 
sent a vastly improved service to this part of the world and 
accordingly I would like to thankyouforthe initiative shown 
in this matter. 

R.G. COOPER 
Melbourne, Australia 
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INTERNATIONAL 
SPACE REPORT 

A monthly review of space news and events 


Launch Success for UK-Japan Satellite 


The Japanese Astro-C satellite 
was launched successfully from 
the Kagoshima Space Centre at 
6.30 UT on February 5 by an MU III 
S rocket, thereby placing in orbit 
the largest satellite-borne X-ray 
detector yet flown. 

Weighing over 100 kg and with a 
sensitive area of a half square metre, 
the Large Area Counter (LAC) will 
study some of the most powerful 
objects known. 

It has been developed through inter¬ 
national collaboration between 
research groups at the Tokyo Institute 
of Space and Astronautical Science 
(ISAS) and the University of Nagoya, 
and at the University of Leicester and 
the Rutherford Appleton Laboratory of 
the Science and Engineering Research 
Council. 

The satellite, now re-named Ginga 
(roughly translated from the Japanese 
as "galaxy"), was placed into a slightly 
more eccentric orbit than planned with 
an apogee of 670 km and perigee of 505 
km. However, this is not expected to 
adversely affect experimentation or 
the orbital life-time of at least five 
years. 

The LAC main observation prog¬ 
ramme will begin in September follow¬ 
ing three months of calibration and 
two months performance verification. 

LAC's high sensitivity will allow X- 
ray signals to be monitored with grea¬ 
ter precision than ever before, reveal¬ 
ing important new information on the 
nature of emitting objects. 


Previously, hundreds of bright cos¬ 
mic X-ray sources, discovered with 
earlier satellites such as Ariel 5 and 
EXOSAT, have been identified with 
binary star systems and quasar-like 
galaxies. A common feature of many, if 
not all, of these most powerful X-ray 
sources is that they contain a region of 
extreme gravity. Almost certainly this 
strong gravitational field is due to a 
neutron star or (in the case of the 
quasars) a very massive black hole. 
Dust gas, or even whole stars, pulled 
into these "gravity wells" cause the 
release of the observed x-radiation. 

Despite the large distance separat¬ 
ing Japan and Britain, the four 
research groups involved with LAC 
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The Astro-C satellite superimpose^ on an artificial.sky background. The eight X-ray counters are on the 
upwards pointing face. 


have been able to work together as a 
single design and development team. 

Once the instrument design had 
been completed development and 
manufacture of the component parts 
was divided between Japan and 
Britain in a manner which used most 
effectively the past experience of the 
team members. Accordingly the X-ray 
detectors and their analogue signal 
processing electronics were built in 
Britain, the advanced digital data pro¬ 
cessing unit was built in Japan, and the 
Japanese groups also dealt with the 
engineering interfaces between the 
instrument and the satellite. 

The flexibility and open communi¬ 
cation fostered by the single group 


structure, backed up by frequent 
exchanges of scientists between the 
collaborating institutes, contributed 
greatly to the timely completion of the 
instrument within the unusually short 
four year development schedule. 

The British part of the programme 
was funded initially by the Science and 
Engineering Research Council and 
now by the British National Space 
Centre. Predominant use of small com¬ 
panies has proved to be advantageous 
in respect of low development costs, 
greater flexibility in the instrument 
procurement schedules and transfer of 
scientific expertise into companies 
which are relatively new in the field of 
space technology. 
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SATELLITE 
DIGEST - 200 

Robert D. Christy 

Continued from the February 1987 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. 

The heading to each launch gives the name of the 
satellite, its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 


COSMOS 1790, 1986-85A, 17056. 
Launched: 1150,4 November 1986 by A-2. 
Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 228 x 282 km, 89.64 min, 72.87 deg. 


COSMOS 1791, 1986-86A, 17066. 
Launched: 0611,13 November 1986 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A 5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite. 

Orbit: 954 x 1013 km, 104.83 min, 82.95 
deg. 


COSMOS 1792, 1986-87 A, 17068. 
Launched: 1100, 13 November 1986 from 
Tyuratam by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may befitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance 
over an extended period. 

Orbit: 173 x 335 km, 89.60 min, 64.90 deg, 
manoeuvrable. 


POLAR BEAR. 1986-88A, 17070. 

Launched: 0024* 14 November 1986 from 
Vandenberg AFB by Scout. 

Spacecraft data: Re furbished "Transit" 
type satellite, with the navigation beacons 
replaced by an experiments package. The 
mass is 125 kg. 

Mission: Auroral studies. 

Orbit: 963 x 1019 km, 105.00 min, 89.56 
deg. 


MOLNIYA-1 (69), 1986-89A, 17078. 
Launched: 0935, 15 November 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section 
at one end. The opposite end of the vehicle 
carries communications aerials and a 
'windmill' of six solar panels set in a plane 
at right angles to the main axis of the 
body. Stabilisation is by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Communications satellite pro¬ 
viding telephone, telegraphic and televi¬ 
sion links through the 'Orbita' system both 
within the USSR and abroad. 

Orbit: Initially 460 x 40796 km, 736.12 min, 
62.85 deg, then lowered to 469 x 39891 km, 
717.89 min, 62.86 deg to ensure daily 
repeats of the ground track. 


GORIZONT13,1986-90A, 17083. 
Launched: 0208,18 November 1986 from 
Tyuratam by D-1-e. 

Spacecraft data: Stepped cylinder with a 
dish aerial array at one end. Electrical 
•power is provided by a pair of rotatable 
solar panels at right angles to the body. 
Station keeping is by the use of gas jets, 
and three-axis stabilisation is achieved by 
momentum wheels. The length is about 5 
m, the maximum diameter about 2 m, and 
the mass around 2000 kg. 

Mission: Communications satellite pro¬ 
viding continuous telephone, telegraphic 
and television links both within the USSR 
and abroad. 

Orbit: Geosynchronous above 90 deg 
east. 


First Commercial Contract for Chinese 

* 

China has secured its first firm contract for the launch of a commercial 
satellite. The country's Long March 3 booster will be used to put Western 
Union's Westar 6S communications satellite into geostationary orbit early 
next year. 

Westar 6, one of two satellites retrieved by the Shuttle in 1984, is now 
owned by Pan Am Pacific which has also been negotiating with the Chinese 
for use of a Long March rocket. 


COSMOS 1793, 1986-91 A, 17134. 
Launched: 0009, 20 November 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in which case it has a 
cylindrical body with a conical orbital 
adjustment motor section at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabilisation is probably by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Part of the USSR's ballistic mis¬ 
sile early warning system. 

Orbit: Initially 584x39337 km, 709.00min, 
62.97 deg, then raised to 613 x 39739 km, 
717.73 min, 62.98 deg to ensure daily 
repeats of the ground track. 


COSMOS 1794-1801. 1986-92A-H, 17138- 
17145. 

Launched: 0200, 21 November 1986 from 
Plesetsk by C-1. 

Spacecraft data: Each satellite is probably 
spheroidal in shape, about 1 m long and 
0.6 m diameter, and with mass approx 40 

kg 

Mission: Single launch of eight satellites 
to provide tactical, point to point com¬ 
munications for troops or units in the field. 
Orbit: 1386 x 1471 km, 114.46 min, 74.02 
deg (lowest), 1467 x 1501 km, 115.67 min, 
74.02 deg (highest). 


COSMOS 1802, 1986—93A, 17159. 
Launched: 2143, 24 November 1986 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite. 

Orbit: 963 x 1025 km. 105.05 min, 82.94 
deg. 


UPDATES 

1986-62A, COSMOS 1771 - the nuclear 
power source was separated from the 
satellite and boosted to a 916 x 998 
kilometre orbit on 15 October. 

1986-64A, COSMOS 1773 re-entered, pos¬ 
sibly for recovery, on 21 October 1986. 
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SIX LAUNCHES FOR 1987 

The first of six launches planned by NASA for 1987 
using the Delta, Atlas Centaur and Scout expendable 
rockets was due to take place during February. 

The GOES-H Weather satellite was scheduled for 
launch aboard Delta 179 for the National Oceanic and 
Atmospheric Administration (NOAA) on February 19. 

On March 19, Delta 182 is scheduled to place Palapa 
B2-P into orbit for the Indonesian government. It is the 
latest in a series of communications satellites. 

At the end of this month the Fleet Satellite Com¬ 
munications (Ftlsatcom) F-6 spacecraft is due to be put 
aloft aboard Atlas Centaur 67. This is a continuation of 
the programme to place a set of three second genera¬ 
tion communications satellites into orbit for the US 
Navy. The first in the series was launched in December 
1986 and F-6 had originally been planned for launch in 
late February. 

Launch of the Fltsatcom F-8 spacecraft on May 21 
will bring to a conclusion the Atlas Centaur prog¬ 
ramme under NASA operation. 

During the latter part of the year a military strategic 
Defense Initiative (SDI) launch is planned. It will be the 
second of four Delta launches in this SDI series. 

This year will also see a Scout launch from Vanden- 
berg Air Force Base in September carrying a pair of 
navigation satellites for the US Navy. 


NASA FY88 BUDGET 

President Reagan requested $9.5 billion in funding 
for NASA in Fiscal year 1988, a budget which includes 
$3.7 billion for the Space Transportation System and 
$767 million for the Space Station. 

It represents a modest increase in real terms over 
the $10.5 billion in the FY 1987 operating plan, which 
includes $2.1 billion tofully fund a replacementorbiter 
for Challenger. 

The budget also includes authority for NASA to add 
625 people to its workforce, bringing the authorised 
complement to 22,425. 

Another feature of the budget is authorisation for 
Johnson Space Center to proceed with construction of 
a $15.8 million addition to the Mission Control Center 
and a $3.4 million addition to a simulator and training 
facility. 

A four-story building is planned for construction in 
FY 1988, housing a "mission control centre" for the 
Space. Station. The 90,000-square-foot addition will 
house the central control room and related support 
facilities, designed to support around-the-clock Space 
Station operations beginning with the Station assem¬ 
bly phase. 

NASA Administrator James C. Fletcher said the 
funding for Shuttle includes money to continue 
activities to correct defects in the solid rocket booster 
and to improve other elements of the STS; to conduct 
flight missions; to continue implementation of the 
Rogers Commission recommendations; to do work 
necessary to procure upper stages for Shuttle- 
launched science missions and for other activities. 

The $767 million requested for the Space Station 
will provide for the phased build-up of developmental 
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activities consistent with the programme review 
undertaken in 1986." 

The $1.5 billion requested for space science and 
applications includes $25 million for initiation of US 
involvement with the Japanese and Europeans in the 
Global Geospace Science Mission. 

This will use a series of spacecraft, beginning in 
1992 and operating through the decade, to study the 
physics of Earth's magnetosphere and solar-terrestrial 
relationships. 

Other items in the budget request include: 

• $691 million for aeronautics and space technology, 
including continued work on the aerospace plane. 

• $70 million to strengthen the nation's technology 
base and restore NASA's technical strength. 

• $54 million for commercial programmes. 

• $25 million for changes and upgrades to the Shuttle 
fleet. 

• $20.6 million for construction of a Space Station 
Processing Facility and a Launch Complex390pera- 
tions Support Building at Kennedy Space Center. 

' WE A THER SA TELLITES SWITCHED 

The National Oceanic and Atmospheric Administra¬ 
tion (NOAA) is planning to switch the launch of its new 
geostationary and polar orbiting satellites from the 
Shuttle to expendable rockets. 

Earlier agreements reached between NOAA and 
NASA (see 'World Weather Watch' p.113 of this issue) 
and the latest Shuttle manifest indicated that GOES I 
and NOAA K would be orbited by the Space Shuttle in 
1S&3. 

However, GOES I is now scheduled for an ELV 
launch in the second half of 1989 and NOAA K will be 
launched by an Atlas on a date that will depend on how 
long the two operational NOAA satellites continue to 
operate. 

NOAA will also be procuring ELVs (Expendable 
Launch Vehicles) for the launch of four new GOES 
satellites planned for the 1990s. 








EUROPEAN 

RENDEZVOUS 


Spot Image Builds Up Business 


The French Spot satellite has acquired over 200,000 
scenes of the Earth since its launch more than 12 
months ago in February 1986. 

Of these, around 48,000 are acceptable in terms of 
cloud cover and quality, with 11,000 depicting areas in 
Europe and the Middle East. Scenes so far processed 
to CCT (Computer Compatible Tape) and archived 
number around 5,000. 

Production time required to process scenes to CCT 
is slower than originally anticipated. In fact technical 
problems and delays caused by management' of 
orders and delivery procedures have resulted in some 
orders taking over six weeks instead of three to four as 
expected. Procedures are now in hand, however, to try 
and redress this situation. 

Spot Image is now aiming for the following delivery 
schedules: 40 per cent of orders in two weeks; 35 per 
cent in two to four weeks; 15 per cent in four to six 
weeks; and 10 percenttaking longer than six weeks. 

Spot Image, the company formed to market data 


EUROPEAN SPACE TRIBOLOGY LABORATORY 

TRIBOLOGY OF SPACECRAFT’ 
28-29 MAY 1987 

A two-day course on all aspects of the Friction, 
Lubrication and Wear of Spacecraft Components. 


Venue: Main Lecture Theatre 

UKAEA 
Risley 
W arrington 
and 

Risley Nuclear Labs 
National Centre of Tribology 

Registration: 

Information regarding registration can be obtained from: 

Mrs. H. M. Harrison 

Risley Nuclear Labs 

National Centre of Tribology 

UKAEA 

Risley 

Warrington 

Cheshire WA3 6AT 

Tel: Warrington (0925) 31244 Extn 3232 or 2640 


from the satellite, reports that both radiometric and 
geometric quality are on average better than their ori¬ 
ginal specifications. Problems include vertical striping 
on some occasions when the Multispectral and Pan¬ 
chromatic modes are operated simultaneously and a 
CCD (charged coupled device) array fault which has 
the effect of creating four broad vertical bands in some 
images. Until these technical problems have been 
resolved Spot Image remains cautious about routine 
acquisition of simultaneous Multispectral and Pan¬ 
chromatic imagery. 

Quick look production was unsuccessful all last year 
and Spot Image has now abandoned the system of 
production from videotapes. A new method has been 
introduced which will permit delivery of black and 
white "quick looks" to clients within two to three 
weeks. In addition,Spot Image is introducing a colour 
"quick look" facility of contact prints at 1:400,000 scale 
at a cost of about £20. These, however, will only be 
available for images of which colourfilms have already 
been produced. 

So far 54 percent of all sales have been generated in 
France, indicating a high level of government support 
for the new nationally developed technology. Accord¬ 
ing to Nigel Press Associates, one of the authorised 
distributors for Spot data in the UK, the dominant mar¬ 
ket is the renewable resources sector. 

The other UK agent, the National Remote Sensing 
Centre (NRSC) at Farnborough, recently reported that 
it had acquired 37 Spot scenes of the UK depicting 31 
different areas, representing all the cloud-free imagery 
recorded by the satellite of the UK. 

This coverage amounts to about 30 per cent of the 
land area. Of the 37 scenes only three are the high 
resolution panchromatic data. 

Detail visible on the Spot data is very impressive. 
For example, with special enhancement electricity 
pylons and even power lines have been' detected on 
the multi-spectral data. At Heathrow airport aircraft on 
the runways and hard-standing are visible on the pan¬ 
chromatic data and sophisticated processing has even 
revealed the white line down the centre of the main 
runways. 

The NRSC says some problems have been experi¬ 
enced obtaining colour imagery with good spectral dif¬ 
ferentiation and work is in progress to devise proces¬ 
sing algorithms to maximise the information and pre¬ 
pare standard multi-spectral image products. 

Further information about the availability of Spot images 
in the UK can be obtained from: Nigel Press Associates, 
Edenbridge, Kent TN8 6HS, or The NRSC, Space Dept., Royal 
Aircraft Establishment, Farnborough, Hants GU14 6TD. 


WANTED: A movie (Reg 8 or Super 8) on John Glenn's orbital flight 
or the Mercury programme. Please send details to Mr. J-J Latapie, 
Place de la Mairie, Villelongue Par, 65260 Pierrefitte-Nestalas, 
France. 
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EUROPEAN RENDEZVOUS 


Upper Stage Re-Use Proposal forAriane 5 


Aries, an expendable vehicle concept under study by 
Matra (France) and MBB-Erno (Germany) could provide 
Europe with a valuable extension to the operations of its 
Ariane launcher programme in the 1990's. 

Derived directly from the Ariane 5 Vehicle Equipment Bay 
and L5 stage, Aries (Ariane Extended Stage) could provide a 
means for the launch and transfer of pressurised and logis¬ 
tics modules to a space station. It could also be used for initial 


assembly of an autonomous European station in Earth orbit. 

Other possibilities include the launch and transfer of large 
payload modules towards a polar platform and rendezvous 
operations with a Space Station. 


START OF 

PROXIMlTV OPERATIONS 
MISSION EXTENSION 



10 MM LAUNCH WINDOW 


HERMES - FIRST CONTRACTS 

A plan to create, improve or restore to service some 
15 European wind tunnels and other experimental 
facilities has been approved by ESA and the first con¬ 
tracts will be allocated to Switzerland (Swiss Federal 
Aircraft Factory, Emmen) and the Federal Republic of 
Germany (Stuttgart University). 

The facilities are needed for in-depth aerodynamic 
studies on the design of the Hermes spaceplane. A 
wide flight envelope capability ranging from the 
hypersonic at atmospheric re-entry to the subsonic on 
landing will involve the use of a large number of wind 
tunnels and other experimental facilities. 

Following the start of the Hermes preparatory prog¬ 
ramme at the end of last year, the European Space 
Agency (ESA) and the Centre National d'Etudes 
Spatiales (CNES) began to set up the industrial struc¬ 
ture the Agency had approved at the end of November. 

The first contract to be approved by ESA related to 
work for the prime contractor, Aerospatiale, and for 
Avions Marcel Dassault, the prime contractor for 
aeronautics. The tasks covered concern mainly study 
of the spaceplane configuration, with special reference 
to thorough analysis of crew safety aspects from 
launch until return-to-Earth. 
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Other contracts relating to the various spaceplane 
subsystems, the ground facilities needed for its 
development and operation and a large number of 
associated studies are in course of preparation. More 
than 250 industrial tenders are currently being 
evaluated. 

MINISTER BACKS STA TION 

More than 300 potential Space Station users contri¬ 
buted to a recent utilisation study in the UK. 

The Minister for Industry and Information Technol¬ 
ogy, Mr. Geoffrey Pattie, said this was an indication of 
the widespread support for activity in the UK. 

Speaking at a recent Royal Society meeting, he 
described Space as"thenewfrontier" and said the UK 
should "organise for success". 

"The importance of a manned Space Station lies in 
the powerful stimulus it will provide as a place where 
sustained research and development can be carried 
out in both science and technology," stated Mr. Pattie. 

"UK participation in an international Space Station 
could be the key to continued scientific and industrial 
success," he added. 
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UK Projects for 
Mir Space Station 

The Soviet Union has carried out space activities jointly with other coun¬ 
tries, including Western countries, over a number of years. In the latter half 
of 1986 discussions took place and arrangements were put in hand for 
British participation. The start of a programme of Soviet-British space 
cooperation and its future possibilities are discussed here by Soviet physi¬ 
cist and mathematician Tamara Breus. 

Initial Arrangements 

The possible scope of Soviet-British the Roentgen Astrophysical Observa- 

oooperation in space was discussed by tory, which will be docked with the 
delegationsofthelntercosmosCouncil Soviet Mir space station that was 
and the British National Space Centre orbited in 1986. The Observatory will 
(BNSC) in a meeting at the Institute of make observations in the X-ray region 
Space Research of the USSR Academy of the electromagnetic spectrum and, 
of Sciences which completed its work in terms of performance characteris- 
on October 1, 1986 [1], The parties tics and scientific potential, will be 
reached an agreement providing for unequalled this decade. An onboard 
Britain's participation in a Soviet prog- . Soviet telescope Pulsar-XI will carry 
rammeof high-energy astrophysics for detectors six times the area of the 
the early 1990s. Under the agreement, American HEAO-3 telescope detectors. 

British scientists have undertaken to The project also involves The Nether- 
supply appropriate instruments for the lands. West Germany and the Euro¬ 

experiments. Both sides expressed pean Space Agency, 
special interest in observations in the I 

ultra-violet (UV) and X-ray regions of 
the spectrum. Space Astronomy 

X-ray observations offer the best 

The space research team atthe Uni- opportunity to study the "hottest" and 
versity of Birmingham have now "most violent' features of the Uni- 
embarked on what may be seen as verse. X-ray radiation originates in the 
their first tentative step toward closer "furnaces" of atomic and nuclear 
cooperation with the Soviet Union in transformations which take place at 
space exploration. They have temperatures approximating half a 
developed a series of instruments for million degrees. In comparison, visible 


Experimental mock-up showing part of the Mir Space Station under going inspection by^Sovietengineers. 
The station is primarily cosmonaut living quarters with science equipment and experiments being added 
in the form of seoarate modules. 




The delegation of UfcParliamentarians, rieaded oy 
Lord Whitelaw the Deputy Prime Minister, during 
their visit to Moscow in May 1986. Four months 
later Mr. Roy Gibson, Director-General of the 
BNSC, and Acamedician Roald Sagdeyev of the 
USSR signed an initial agreement (inset) for co¬ 
operation in space. 

solar radiation emanates from a sur¬ 
face heated to a "mere” 5,500 degrees. 

Young and hot stars, galactic gas 
and the pattern of gas in interstellar 
space, when studied in the UV region, 
are expected to provide information 
that will advance our understanding of 
the dynamical processes which lead to 
the formation of stars, protoplanet sys¬ 
tems and protostar clouds. 

British scientists have been invited 
to take part in discussions for a Soviet 
interferometer project, a giant radio 
system of synchronised surface-based 
and free-flying telescopes. With a 
resolution equivalent to that of a radio 
telescope with a 700,000 kilometre¬ 
wide dish, it will produce images of 
exquisite quality, thousands of times 
better than anything the biggest opti¬ 
cal telescopes can produce. 

The interferometer is designed 
chiefly to study the internal regions of 
the still mysterious quasars. A quasar 
is an exceptionally bright celestial 
object which emits copious quantities 
of radiation and is as bright as a whole 
galaxy of hundreds of billions of stars. 
Some scientists argue that the nearest 
quasar lies 15 billion light years from 
our planet, i.e. close to the limit of the 
Universe which can be studied by con¬ 
temporary science. To study such 
objects would be to study the remote 
past. 

Solar System Studies 

No less exciting is the prospect of 
Soviet-British cooperation in the 
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physics of the Sun and the Earth and 
planetology. The Moscow meeting 
recommended the setting up of a spe¬ 
cial working group to discuss concrete 
aspects of cooperation in that field. 
British scientists welcomed the oppor¬ 
tunity of taking part in the Phobos pro¬ 
ject as a first step in that direction [2]. 


This will be a unique project aimed 
at studying Mars and its natural satel¬ 
lites - Phobos and Deimos - using a 
remote laser mass-spectrometer. 
From a distance of a few dozens of 
metres the instrument will fire a pulse 
of laser light at the surface. The diame¬ 
ter of the laser spot will be about one 
millimetre and the density of energy 
will approximate 10 million watts. This 
laser will scatter ions and molecules 
from the surface in all directions. Some 
of these will reach detectors on board 
the spacecraft and yield information on 
the chemical composition of rocks that 
make up the soil of the satellite 
Phobos. 

During the flyby the spacecraft will 
launch a long-lived, self-contained 
landing craft that will be equipped to 
explore the landing site. Another land¬ 
ing craft is designed to move across 
the satellite's surface. 

To date 12 countries and the Euro¬ 
pean Space Agency have volunteered 
assistance in the implementation of 
the Phobos project. The results of the 
experiment will be analysed on the 
basis of even broader cooperation. 

Other Areas of Collaboration 

Soviet and British delegates to the 
Moscow meeting agreed to discuss at 
some future date the possibility of 
expanding cooperation in space biol¬ 
ogy and medicine and materials 
technology. The Soviet Union has a 
record of orbital experiente in excess 
of 100,000 hours in comparison with 
the US total of some 40,000 hours. 


Space Technology 

Another promising area of Soviet- 
British scientific cooperation could be 
space technology. The space technol¬ 
ogy age was inugurated in October 
1969 when Soviet cosmonaut V. 
Kubasov staged the first series of 
experiments aboard the Salyut 6 orbi¬ 
tal station and proved that technologi¬ 
cal operations in free fall are feasible. 

The first success gave rise to all 
sorts of tempting ideas, including the 
production of unique materials using 
the advantages offered by outer space. 
Ideas then gave way to experiments. 
Aboard the Salyut 6 station the crews 
carried out nearly 200 experiments in 
metal smelting and nearly as many in 
applying coats of gold, copper and cer¬ 
tain alloys. They also produced close to 
300 specimens of various metals. 
Some of them were later used in the 
prototypes of scientific instruments 
which, as a result, demonstrated a 
much better performance than instru¬ 
ments made of conventional metals. 

Further progress in space technol¬ 
ogy is contingent upon advances in 
onboard technological equipment and, 
considering its increasingly sophisti¬ 
cated nature, it is essential that interna¬ 
tional cooperation in this area be 
upheld. 

Soviet and British space research 
institutions are now actively probing 
the possibility of reaching agreements 
for a broader, fruitful cooperation bet¬ 
ween the two countries. 

Ribunni 

1. UK Soviet Space Deal'.SpecaflfeAf. vol 28, pp. 372-373 (1986) 

2. 'UK Scientist* to Join Phobos Mission’, vol 29. p.55 

(1907). 



View of the Mir Space Station in orbit as seen by cosmonauts Leonid Kizim and Vladimir Solovyov during their mission in 1986. 
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Spacemen at Mir 



On February 7, 1987 the Soyuz TM-2 spacecraft 
docked at the Mir space station and cosmonauts Yuri 
Romanenko and Alexander Laveikin took up residence 
for an expected record-breaking stay in space. The 
docking manoeuvre followed a night-time launch two 
days earlier from Baikonur. 

Compensations are offered by Mir to long-stay vis¬ 
itors in comparison with previous Salyut space sta¬ 
tions in the form of improved living quarters. Small 
cubicles serve as "dormitories" for the crew and pro¬ 
vide a degree of privacy not previously available. 
There is also a small dining area which features a hot 
plate for warming food. Exercise equipment is 
designed more compactly and purposefully. 

The stationary bike is kept under the 'floor' and 
assembled for use and the running track has been relo¬ 
cated to allow the cosmonauts to look along the length 
of the station rather than at the walls, as on Salyut. The 
toilet is a small cubicle where the men can also wash 
their hands and face in a fountain of water whose out¬ 
ward flow is restricted by a transparent "hood" with 
three openings against which hands and face are 
placed. 

The first tasks awaiting the newly arrived cos¬ 
monauts were to bring Mir into active service follow¬ 
ing its stand-down status since the departure from it of 



Put you self in command of Space M-tA-t-X the world's 
first commercial Space Station Your assignment is to 
launch, assemble and operate the Space Station withm 
a limited time schedule and budget Your resources 
include Space Shuttles Heavy-Lift Launch VetecJes, 
Space Station modules, flight crews assembly and 
operating crews, consumables, a project budget and a 
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arcade game but a real-life simulabon of one of Mans 
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Station Program Over 80 realistic color displays and 3-D 
graphics, three diskettes Feature? - Jude a 137-page 
operator s manual, five levels of difficulty simulation save 
and much more Joystick or keyboard Space M+A+X 
combines project management with business strategy in a 
simulation unlike any other 


THE SIMULATION IS COMPUTER-GENERATED 
THE CHALLENGE IS REAL! 
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s**«tax UK residents add VAT 14-day. monoy back guarantee 
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cosmonauts Leonid Kizim and Vladimir Solovyov on 
July 16, 1986. Essential services are provided by the 
station's life support system, temperature control sys¬ 
tem and the system for regeneration of atmospheric 
water. Already docked with Mir is the Progress 27 sup¬ 
ply craft that was launched on January 18, 1987. This 
brought fuel supplies with which to refuel Mir's fuel 
tanks and a supply of food, drinking water and ancillary 
equipment. 

Mir is approximately the same size as Salyut and the 
extra 'living quarters' have been provided in place of 
the large amount of scientific equipment carried inter¬ 
nally by Salyut. 

Mir will become operational as a 'work station' fol¬ 
lowing the arrival and docking of the first large scien¬ 
tific module. Other modules are expected to dock with 
Mir at a later date and to remain attached to one of the 
four lateral ports that are a special feature of Mir. As the 
work-load on the cosmonauts increases their comple¬ 
ment is likely to be increased as Miris equipped to pro¬ 
vide permanent living quarters for up to six cos¬ 
monauts, male and female. 

The first scientific module is to be devoted to X-ray 
astronomy and will contain some 600-800 kg of 
instrumentation, including detectors from the UK (The 
University of Birmingham), The Netherlands, West 
Germany and ESA, as well as a Soviet telescope. 

Mir provides a total of six possibilities for docking 
other vehicles, two axial and four lateral ports. After 
docking initially with one of the axial ports spacecraft 
will probably be moved to a lateral port using a mani¬ 
pulator arm. 

It is not yet clear where the manipulator is located 
but it could be that modules will carry their own device 
for effecting transfers between docking ports. 

The Soviets have also indicated that in the future a 
module could be added which would have a second 
docking unit for use by cargo craft. 

The Soviets have the capability to run a modest 
build-up programme over the coming months using a 
variety of vehicles. The initial operating configuration 
(see diagram on p.104) will consist of the Mir base, a 
large scientific module, the Soyuz-TM2 transporter 
and a Progress supply transporter. 

The future Mir programme is also geared up for the 
arrival of foreign "guest" cosmonauts. These will 
include a Syrian, Frenchman and Bulgarian. The joint 
Soviet-Syrian mission has been scheduled to start on 
July 22, 1987 ( Spaceflight, February 1987, p.56) whilst 
the other two will take place during 1988. 


★ ★ ★ 


Mission commander Col. Yuri Romanenko and flight engineer Alexander 
Laveikin in a break during their splash-down training at sea prior to last 
month's lift-off from Baikonur. The two cosmonauts are not expected to return 
to Earth until the end of the year. It is common practice for the Soviets to return 
manned missions to a soft-landing on the ground. However, cosmonauts need 
to be familiar with techniques of landing at sea in case of emergency or a 
change of plans. Novosti 
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Mir- The First 
Permanent Space Station 

With the launching of Mir on February 20,1986 the USSR introduced its 
'third generation' of space station. Previously, seven stations of the Salyut 
series had been orbited. Mir is different. Its central compartment is no 
longer a densely packed scientific laboratory, as in the case of Salyut, but 
is mainly a combination of wardroom and gymnasium. It also contains the 
station's control panel and computer and is not therefore entirely devoted 
to recreation. 


Overall, Mir is 90 per cent different 
from Salyut in the way that it is equip¬ 
ped. One important difference is the 
inclusion of six, instead of two, ports 
for automatic docking of space ferries, 
manned and unmanned, and the 
attachment pf specialised modules in 
which scientific and technical opera¬ 
tions are to be conducted. Mir is there¬ 
fore the basic component of a multi¬ 
purpose permanently manned space 
laboratory which offers greater com¬ 
forts for the crew than has been possi¬ 
ble hitherto. 

Mir's first crew were Leonid Kizim 
and Vladimir Solovyov who spent 
more than four months on board from 
March to July 1986. Among many new 
activities, they tested the system of 
communication to Earth via the 'Luch' 
communications satellite and made 
two spacewalks during which they 
tested a folding girder which is to be a 
structural element of future space con¬ 
structions. They left Mir in a ready state 
to receive its next crew. 

Previous to the re-opening of Mir, 
additional instruments and supplies 
(food, water and fuel) were delivered 
by the automatic unmanned space¬ 
craft, Progress 27, launched on 
January 16, 1987. 

The new programme sees the intro¬ 


duction of the 'TM' series of Soyuz in 
its first use as a manned vehicle. On 
January 28,1987 Tass announced the 
names of the crew members of Soyuz 
TM-2 to be Yuri Romanenko, mission 
commander, and Alexander Laveikin, 
flight engineer. 

Romanenko has commanded two 
previous space flights. His Soyuz 26 
mission to Salyut 6 began in December 
1977 and was a record-breaking flight 
of 96 days duration. His second flight 
with Soyuz 38 in September 1980 was 
an international mission with a Cuban 
research cosmonaut and lasted 7 days. 
He is 42 years of age. Flight engineer 
Laveikin, on the other hand, has not 
participated in any previous space mis¬ 
sions. 

Soyuz TM-2 was successfully 
launched on February 5, 1987 from 
Tyuratam. The launch and the events 
leading up to it were the subject of pub¬ 
lic announcements and TV coverage, 
showing a significant relaxation on the 
part of the Soviet authorities. 


A recently released picture of Mir orbital station 
while installed at its checkout facility where it was 
fitted out with an entirely new docking unit of six 
docking ports. The station contains many 
improvements, such as a more effective power 
supply system, and it offers greater crew facilities. 













Alexander Laveikin. 


'Yuri Romanenko. 
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17.00 Eastern Daylight Time on July 29,1985 1 
Challenger lifts off at the beginning of the 51^ 
Spacei&b 2 mission. Over the years the standard 
of launch images haseontinuedto improve stead¬ 
ily both as regards drama and pictorial composi¬ 
tion {although, of course, the major purpose of 
recording a launch is to provide engineering and 
other data). In this powerful study taken from a 
still relatively fresh and impressive angle, the 
most intriguing feature is the diamond shock 
effect in the vicinity of the three main engines. 
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In February 1984 NASA carried out t r 
(MMU). Some fine, much closer and 
otrtained during this 41B mission of C 
facing astronaut Bruce McCandless ; 
from the orbiter. 







'St untethered EVA using the Manned Manoeuvring Unit 
- f ore more detailed images of the EVA astronauts were 
-~ger but this one suggests perhaps best of all the danger 
reached his maximum permitted distance some300feet 


Douglas Arnold presents a personal choice of... 

IMAGES 
FROM SPACE 

Pictures have documented the progress of space flight through¬ 
out its relatively short history. Many of these images, however, 
have not only produced information - some have captured 
moments of drama, beauty or "atmosphere" that have helped to 
communicate the space experience. 

Other images have assumed abstract forms that bridge the 
apparent gap between scientists and artists - a gap which, in fact, 
has never really existed because, for many years, artists have jour- 




One of the most dramatic of in-cabin photo¬ 
graphs ever - during the Gemini XI mission in 
September 1966 mission commander Charles 
'Pete' Conrad captured this image (above) of col¬ 
league Richard Gordon fully space suited during 
an equipment dump. The hatch is open and the 
stark blackness of space appears at top right. 
The lighting is typical of the contrasting condi¬ 
tions which exist in space where there is no 
atmosphere and often no other objects to scatter 
or reflect the Sun's brilliant rays as on Earth. 


Pictures- Space Frontiers/NASA 


During the flight of Apollo 7 - the first and least 
publicised of manned Apollo missions - some 
fine photographs were obtained and none better 
than this portrait (left) of astronaut Walter 
Cunningham whosefaceappears in profile shar¬ 
ply etched by sunlight. A command module win¬ 
dow is behind him and intercom cables appear 
beneath his chin. His face shows signs of the 
strain and fatigue of a lengthy mission in space. 
The Apollo 7 flight took place in October 1968. 


neyed in their imaginations far beyond Earth -chal¬ 
lenging and inspiring engineers and technologists 
to turn dreams into reality. 

The 'Images of Reality' appearing on these pages 
have been selected to convey an exotic reality that 
is characteristic of the space environment. 

In contrast, the use of false colour enhancement 
and othertechniques intended to extract maximum 
information can create abstract forms. Such pos¬ 
sibilities abound on Mars which presents the lively 
imagination with a new world to explore (see pages 
130 and 131). 

In November 1984 Shuttle astronauts conducted EVAsto retrieve two communica¬ 
tions satellites which had not gone into their correct orbits. In this image astronaut 
Dale GardndV - safely tethered to the side of the cargo bay of Discovery - prepares 
for the hard work that was to follow. We are given a fine impression of the Earth's 
oceans below as the vehicle orbits at a speed of approximately 18,000 mph 
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Cosmic Magnetism 





P. Seymour, Adam Hilger, Techno House, Redcliffe Way, 
Bristol, BS1 6NX. 150 pp, 1986, £14.95. 


Origin of the Moon 

Eds. W.K. Hartmann et at. Lunar & Planetary|lnstitute, 3303 
Nasa Road 1, Houston, Texas 77058-4399, USA. 781pp. 1986, 
$25. 

When the decision was made to explore the Moon and 
bring back lunar samples scientists hoped that the resulting 
information would clarify its origin. Indeed, solving this par¬ 
ticular mystery was accepted as a major goal of lunar explo¬ 
ration. 

It had been expected that the chemistry of primordial 
lunar rocks would clarify the formative processes so 
astronauts were trained to identify such 4.5 billion year old 
specimens. Unfortunately, if they existed, such specimens 
were not to be found above the layer of powdery dust that 
blankets virtually the whole of the lunar surface including the 
Apollo landing sites. 

As the problem now stands there are three basic sugges¬ 
tions: that the Moon could have been formed by capture, fis¬ 
sion or accretion. 

This volume attempts to bring all the threads together, 
beginning first with two papers which provide overviews of 
the problems of lunar formation, followed by three sections 
which deal with the dynamical, geochemical and geophysi¬ 
cal constraints respectively. 

The main bulk of the book continues with 15 papers on 
possible theories to explain the Moon's origin and evolution. 
Fewfollowthe usual pattern by re-stating previous material: 
indeed, the aim was to encourage 'new thinking', as evi¬ 
denced by papers such as those which postulate a scenario 
involving a circumterrestrial disc of small bodies which 
formed into the Moon by a process of accretion. The other 
end of the scale includes a paper based on the hypothesis 
that the Moon formed separately in a heliocentric orbit, in 
similar mannertothe Earth, and was later captured. Actually, 
a capture-origin that employs a 'push-pull' tidal theory does 
not strain the laws of physics too much and involves a 
minimum of assumptions. 

This volume is up to the standard that one always 
associates with the publishers and provides valuable 
perspectives of a most intriguing problem. 


The study of extraterrestrial magnetic fields is relatively 
new, for confirmation of the very first discovery (that of our 
Sun), appeared only as recently as 1908. Since then a good 
deal of knowledge has accumulated to show that this is a fas¬ 
cinating subject worthy of much detailed study. 

This book is probably the first which deals with the topic in 
a non-mathematical way. Its opening three chapters sum¬ 
marise our present knowledge of magnetism in general, the 
magnetic field of the Earth and the reasons which led to the 
study in Cosmic Magnetism in particular. The remainder of 
the volume turns on the main topic - solar, planetary and 
interplanetary fields, fields in stars and pulsars, and in the 
Milky Way and other galaxies. 


Photochemistry of the Atmosphere of Mars and Venus 

V.A. Krasnopolsky, Springer-Verlag, Heidelberger Platz 3, 
Postfach, D-1000 Berlin 33, West Germany. 1986, pp 334. 

Our present knowledge of the properties and conditions 
of the planets exceeds many-fold that of 20 years ago. This is 
especially true for planetary atmospheres whose properties 
were then, for the most part, either not known at all or subject 
to many errors. 

This book, vol. 13 in the series with the general title of 
'Physics and Chemistry in Space' provides a fully detailed 
description of the chemical composition and structure of the 
atmospheres of Mars and Venus, together with the proces¬ 
ses which govern the properties of these atmospheres. 

Although the topic may seem, at first glance, to be far 
removed from the needs of humanity, it is of considerable 
value insofar as human activity is already influencing the 
Earths' environment, e.g. with atmospheric pollution, and it 
is important to understand its resilience to such factors. 

The book compiles the experimental and theoretical data 
collected over the last decade from ground-based observa¬ 
tions as well as by Soviet and American probes, orbiters and 
descent probes. Various methods for determining the chem¬ 
ical composition of planetary atmospheres are reviewed and 
the reliability of experimental results compared with predic¬ 
tions based on photochemical modelling, critically discus¬ 
sed. 


Black Holes: The Membrane Paradigm 

Eds. K.S. Thorne et at Yale University Press, 13 Bedford 
Square, London WC1B 3JF. 1986, 367pp, hardcover, £37.50. 

This book is a pedagogical introduction to the physics of 
black holes but with emphasis on the viewpoint 'membrane 
paradigm'. This is really a translation of mathematical and 
physical formalism for black holes into a form specifically 
adapted to astrophysical research. Whereas the original 
black hole formalism was understandable only to those well 
versed in the theory of general relativity, the membrane 
paradigm is accessible to a much wider circle, and probably to all 
with a good grounding in non-relativistic physics. 

The physical intuition so central to the membrane 
paradigm can be built up only by watching it 'in action' in a 
variety of contexts. This book provides such an insight by 
posing, solving and discussing a large number of model 
problems in which black holes interract with the external 
universe. 

Although the result of collaborative effort this book is not 
simply a collection of closely-related papers. Rather, the 
chapters provide a coherent, closely-knit whole. 


Relativity in Celestial Mechanics and Astrometry 

Eds. J. Kovalevksy & V.A. Brumberg. D. Reidel Publishing 
Co., Spuiboulevard 50, P.O.Box 989,3300 AZ Dordrecht,The 
Netherlands. 1986,426pp, £44.50. 

This book presents the proceedings of the first-ever inter¬ 
national conference to involve, simultaneously, theoreti¬ 
cians in general relativity on the one hand and astronomers, 
space scientists and geodecists (i.e. the "users" of the 
theories) on the other. 

In recent years accuracy in determining positions of 
celestial bodies has greatly improved, along with develop¬ 
ments in the theory of their motions. Parallel to this, interpre¬ 
tation of astrometric and space measurements within the 
framework of general relativity has also greatly improved. 

This volume deals with the latest results in all these fields. 
Its contributions include such topics as dynamical effects in 
general relativity, accurate modern theories of motion within 
the Solar System, time, relativistic reduction of astronomical 
observations, among many others. Additionally, plans for 
future high-precision observational techniques are pre¬ 
sented, along with a few papers on relativity which extend 
beyond the current limitations of accuracy. 
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The Study of Variable Stars Using Small Telescopes 

Ed. J.R. Percy, Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge, CB2 2RU. 1986,265 
pp, £20. 

Variable stars are stars that change in brightness. They 
are important in astronomy not only because they are so 
numerous but because they can provide valuable informa¬ 
tion about the structure and evolution of stars generally. 
Even though large sophisticated telescopes are used to 
study variable stars, small telescopes, too, have an impor¬ 
tant role to play. 

Areas in which the amateur can make useful contributions 
are discussed in several papers in this volume. More excep¬ 
tionally, the amateur might discover a nova or make useful 
observations of such objects during phases of expansion or 
decline. Ambitious programmes could include large-scale 
surveys of variable stars, e.g. spectral classification, radial 
velocities or intensive and complete phase coverage of regu¬ 
lar short-period phenomena. 

This book comprises 23 short papers presented at a Sym¬ 
posium held at the University of Toronto in 1985 aimed at 
professional and amateur astronomers alike, including 
astronomy teachers at universities possessing small tele¬ 
scopes. 

The techniques of visual, photographic and photoelectric 
measurements are discussed, with examples of the results 
obtainable. Infrared and spectroscopic techniques are also 
examined and important related topics such as periodic 
analysis, coordination and the archiving of data are included. 


TheQuestfor SS433 

D.H. Clarke, Adam Hilger, Techno House, Redcliffe Way, Bris¬ 
tol, BS1 6NX. 206pp, 1986, £9.95. 

Luck, fate and coincidence played a major role in June 
1978 with the discovery of the unusual properties of SS433, 
a supernova remnant now regarded as one of the astronom¬ 
ical enigmas of this century. 

Observations throughout the 1970’s had indicated 
strange patterns of radio and X-rays coming from a general 
area, apparently from an object which not only appeared to 
be approaching but also receding at the same time and 
which was emitting jets of material at speeds never before 
witnessed in the galaxy. These were matters that defied exp¬ 
lanation by any of the then current theories about the com¬ 
position of the Universe and this compelled astrophysicists 
to modify their ideas of stellar evolution. 

In this book one of the co-discoverers recounts the event 
leading to pinpointing this strange object and discusses 
some of the mysteries surrounding it, though all the prob¬ 
lems posed by SS433 have still not been resolved. For exam¬ 
ple, will its status be only short lived, as for so many celeb¬ 
rities, or will it remain a truly unique object of basic impor¬ 
tance to astrophysics? This book, in the manner of a detec¬ 
tive story, provides the reader with lots of clues and some 
ideas about where the final explanation may be found. 


Halley the Beautiful 

Slide set from The Planetarium, College Hill, Armagh, North¬ 
ern Ireland. 1986, £11.00. 

Even though Halley's Comet was a disappointing naked- 
eye object in the Northern Hemisphere, many fine pictures 
were taken. 

This set of 30 slides, together with a coloured brochure, 
recaptures some of the best secured during the 1985/6 appar¬ 
ition and represents not only an excellent souvenir of the 
occasion but a source of illustrative material suitable for use 
in astronomical and space lectures. 


Artificial Intelligence for Space Station Automation 

O. Firschein et al. Noyes Publications, Mill Road at Grand 
Avenue, Park Ridge, NJ 07656, U.S.A. 1986. 386pp. $48. 

Applications of artificial intelligencetospace station auto¬ 
mation are certain to yield enormous advantages in crew 
safety and productivity. They will also increase the R&D projects 
descibed in this book and will undoubtedly accomplish these 
objectives. Many of them also have application to terrestrial 
automation. 

The book provides guidance on the state-of-the-art of Al - 
based technologies and reveiws the results of concept 
design studies to determine Al capabilities. Some of the 
specific technologies deal with teleoperation and robotics, 
sensors, expert systems, computers, planning and the man- 
machine interface. 

The book was prepared by a galaxy of authors with support 
from the NASA Advanced Technology Advisory Committee 
at Johnson Space Center. The challenge of space station 
automation will inspire further advances in Al-based 
technology and provide vital industrial skills for the future. 


Annual Review of Astronomy and Astrophysics Vol. 24,1986 

Eds. Burbidge, Layzer & Phillips. Annual Reviews Inc., 4139 
El Camino Way, Palo Alto, Ca. 94306, USA. 1986,627pp. $47. 

This further compilation of review articles concentrates 
heavily on astrophysics with a selection of 16 papers 
providing overviews on matters ranging from the physics of 
supernova explosions to star counts and gallactic structure. 

The number of papers is a little smaller than in previous 
years but still provides excellent reading matter about the 
frontiers in astrophysics today. 

Methods of Satellite Oceanography 

R.H. Steward, University of California Press, London. 1986, 
360pp, £32.75. 

For centuries oceanographers depended on sparce mea¬ 
surements from a few ships slowly making their way through 
uncertain seas. Today, with the deploymentof ocean observ¬ 
ing satellites, a total coverage of the world's oceans can now 
be achieved in just a few days. Satellite remote sensing not 
only enables oceanographers to observe regions not easily 
studied by ships but makes it possible to obtain a global pic¬ 
ture of the oceans for studies of phenomena especially 
important in our understanding of climate and ocean 
dynamics. 

Dramatic advances in remote-sensing techniques have 
proved that the application of data acquired from satellites 
will strongly influence oceanography in the years to come 
but until now, however, most developments in remote-sens¬ 
ing techniques have taken place outside the traditional 
oceanographic community and been largely based on the 
ideas and instruments first used by astronomers, 
planetologists, radio scientists and meteorologists. 

This book brings together a wealth of information on 
remote sensing hitherto widely scattered in the literature or 
poorly documented because of rapid expansion of the field. 

The author describes the principles of the interaction of 
electromagnetic radiation in the Earth's atmosphere with the 
oceans over a range of frequencies, the techniques for 
exploiting these interactions to study the oceans and 
the type of instruments and satellites now available together 
with accuracy and usefulness of the measurements thus- 
obtained. 


Most of the above notes are not reviews in the ordinary sense 
but have been extracted from information provided by the 
publishers and/or authors, amplified by further brief comment 
where appropriate. 
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by Joel Powell 


For the past quarter of a century meteorological 
satellites have maintained a silent vigil of the 
Earth's weather from space. Satellites in geo¬ 
stationary orbit and lower polar orbit are a 
valuable complement to the traditional ground- 
based methods of weather forecasting. 

Meteorological Satellites 

Before the advent of the Space Age, scientists 
recognised that space would provide an ideal vantage 
point for observing the Earth's weather. Beginning 
with Tiros 1 in 1960, weather satellites have been 
designed to acquire planet-wide images of cloud cover 
and to measure atmospheric conditions with in¬ 
creasingly sophisticated remote sensing instruments. 

Studies have shown that the contribution from 
satellite measurements to computerised forecasts is 
greatest for the vast ocean regions, especially when 
oceanic weather affects the continents. Satellite data 
has the greatest impact on weather forecasts for the 
Southern Hemisphere but comparatively little 
influence for the Northern Hemisphere, with its greater 
degree of surface coverage. 

One of the more noteworthy functions of 'metsats' 
is the detection and tracking of hurricanes and 
typhoons. Before weather satellites, these severe 
storms would often strike tropical islands and coastal 
areas without warning, resulting in tremendous loss of 
life and property damage. Today, storm warnings 
provided from space allow authorities to evacuate and 
prepare population centres well in advance. 

The United States' network of weciher satellites is 
operated by the National Oceanic and Atmospheric 
Administration (NOAA), a branch of the Commerce 
Department of the government. The largest user of 
satellite weather information is the US National 
Weather Service, supplementing its extensive balloon, 
surface and sophisticated weather radar observations. 

At the NOAA facility in Suitland, Maryland, weather 


A Meteosat view of the Earth. The image, taken a 
11.55 GMT on March 26,1982, is artificially coloured 
in the visible channel and was received and proces¬ 
sed at ESOC Darmstadt. ESA 


CfED-liG. 
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GMS, the Japanese weather 
satellite operating in 
geostationary orbit. 


The NOAA craft operate from two Sun-synchronous 
polar orbits (known as 'morning' and 'afternoon', indi¬ 
cating local time of equator crossing).The spacecraft 
in the morning orbit, NOAA-8, orbits at an altitude of 
exactly 833 km and is inclined 98.7 degress to the 
equator. Equatorial crossings occur at 07.30 local time. 
The present occupant of the afternoon orbit, NOAA-9, 
operates at an ahitude of 870 km and is inclined 98.9 
degrees to the equator. The equator crossing time has 
recently been adjusted from 1500 to about 1400 local 
time to allow earlier forecasts. Thanks to the Earth's 
rotation, a satellite travelling in a 100 minute polar 
orbit is able to pass over the entire Earth's surface 
twice every day. 

The daylight imaging system of Tiros-N/ATN, desig¬ 
nated as the Advanced Very High Resolution Radio¬ 
meter (AVHRR), produces images in visible and infra¬ 
red light with a resolution of 0.9 km and 3.7 km, 
respectively. Each image encompasses an area of 
more than 10 million km’. 

A separate trio of instruments known as the Tiros 
Operational Vertical Sounder (TOVS) is used to 
perform atmospheric soundings. The first instrument 
is HIRS/2, the High Resolution Infrared Radiation 
Sounder. This infrared radiometer is used to measure 
temperatures in the stratosphere and troposphere, as 
well as water vapour content and the concentration of 
atmospheric ozone. 


satellite images are processed and atmospheric data 
fed into the forecasting computers of the National 
Earth Satellite Service. Cloud pictures and weather 
maps are distributed to users around the world via the 
Weather Facsimile (WEFAX) system, using dedicated 
relay transponders on the geostationary weather 
satellites. 

Images can be obtained directly from the polar 
orbiters using an inexpensive radio receiver and a 
facsimile machine, which can also be used with 
WEFAX. Known as Automatic Picture Transmission 
(APT), the service was first introduced on Tiros 8 in 
1963. 

Polar Orbiters 

All American low altitude and polar weather 
satellites have been built by RCA Astro-Electronics 
The latest model is the 4.9 m long Advanced Tiros-N 
(ATN) spacecraft that weighs 1,030 kg in orbit.] The 
three-axis stabilised vehicles are derived from the US 
Air Force's Defense Meteorological Satellite Program, 
a separate network of military weather satellites. 


Table 1. Weather Satellite Genealogy. 


Polar Orbit 

Geostationary Orbit 

Tiros: 1960-65 

ApplicationsTechnology Satellite 
(ATS, for R 8-D): 196b-74 

Nimbus: 1964-78 (R&D) 

Synchronous Meteorology 

Satellite (SMS): 1974-78 

ESSA: 1966-69 

GOES: 1980 to date 

ITOS (Tiros-M): 1970-76 


Tiros-N: 1978-81 


Advanced Tiros-N: 1983 
to date 



The second TOVS sensor is the UK's contribution to 
satellite meteorology, the Stratospheric Sounding 
Unit. SSU determines vertical profiles of temperature 
and pressure in the stratosphere by means of infrared 
spectroscopy. Completing the trio is the Microwave 
Sounding Unit (MSU). This four-channel "radiometer 
takes temperature and other measurements in the 
oxygen emission band which, unlike the other sensors, 
is relatively unaffected by cloud cover. 

Although atmospheric soundings constitute the 
only data available from many remote areas, the 
readings are subject to limitations compared to 
conventional methods. Satellite temperature 
measurements are up to four times less accurate than 
those from balloon sondes, which are in error by less 
than ± 0.5 degrees C. Determining the altitude 
component of satellite soundings is also a problem. 
The value of wind and pressure readings used in 
computer-generated forecasts is diminished without a 
precise altitude correlation. 

TOVS is also capable of measuring sea surface 
temperatures to help the charting of currents for the 
benefit of fishermen and mariners. Wind speed 
measurements derived from TOVS data are used by 
airlines to plot the most fuel-efficient courses. 

The ATN spacecraft features the u n ique capabil ity to 
receive distress signals from 121.5 MHz emergency 
transmitters on ships and aircraft. SARSAT (Search 
and Rescue Satellite-Aided Tracking) is a multinational 
programme of Canada, the United States, France and 
the Soviet Union. The Soviet COSPAS search and 
rescue hardware is carried aboard Cicada navigation 
satellites and is fully compatible with its Western 
counterpart. 

The Soviets and Americans have each agreed to 
maintain two SARSAT-equipped satellites in orbit at all 
times. SARSAT/COSPAS is credited with saving nearly 
400 lives in the first three years of operation. 
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Weather Watch 



The advanced Tiros-N polar orbiting weather satellite with boom-mounted SARSAT antenna in foreground. 


RCA 


Each NOAA polar orbiter also carries ARGOS, a 
French-built data collection system designed to relay 
signals from a global network of remote environ¬ 
mental sensors. Stationary and balloon-borne instru¬ 
ments register atmospheric pressure, temperature 
and rainfall, while buoys monitor water levels to warn 
of floods and tsunamis. Both the American and 
European geostationary satellites have a similar 
system that relays signals from several thousand 
remote platforms. 

Although an attempt by the Reagan administration 
to sell the polar orbiting network to private industry 
failed in 1982, a controversial plan to limit the system 
to a single operational satellite was recently imple¬ 
mented. There will be no replacement when one of the 
presenttwopolarorbitersfail, and future NOAAspace- 
craft will not be launched until the remaining vehicle 
shows signs of deterioration. The policy is expected to 
result in a saving of at least $300 million over ten years, 
but at a cost of half the data currently available. 

In late 1984 a dispute arose between NOAA and 
NASA over the launch vehicle to be used for the final 
three ATN spacecraft (NOAA-K,L & M). NASA had 
planned to orbit the three satellites from California 
aboard the Space Shuttle, but for economic reasons 
NOAA decided that refurbished Air Force Titan II 
boosters would be used instead. 

The conflict was eventually resolved when NOAA 
agreed to deploy the three weather satellites with the 
Shuttle if NASA would absorb the costs of 
modification for such launch. In addition, NOAA 
agreed to commit its 'NOAA-Next' package of 
advanced weather instruments to the man-tended 
polar orbiting platform that will be part of NASA's 
Space Station Programme in the 1990's. 
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Geostationary Satellites 

Geostationary satellites are the newest addition to 
the space meteorology system, first appearing in 1974. 
Orbiting at an altitude of 35,880 km, craft in such an 
orbit appear to hover in a fixed position directly above 
tl^e equator. This is because the motion of a satellite at 
that altitude exactly matches the rotational speed of 
the Earth. A minimum of three satellites at this altitude 
are required to keep all of the Earth's surface in view 
simultaneously. 

Built by the Hughes Aircraft Company, each GOES 
(Geostationary Operational Environmental Satellite) 
has a mass of 442 kg in orbit and measures 3.6 m high 
and 2.15 m in diameter. 

Japan, India and the European Space Agency (ESA) 
also operate geostationary meteorological satellites. 
The orbital positions of these satellites, separated by 
roughly 70 degrees of longitude, are as follows: 

GOES (US): 75 degrees W and 135 degrees W. 

Meteostat (ESA) 0 degrees. 

INSAT (India): 74 degrees E. 

GMS (Japan): 140 degrees E. 

The primary payloadof GOES istheVisible-Infrared 
Spin-Scan Radiometer Atmospheric Sounder (VAS). 
Simultaneous visible and infrared images of an entire 
Earth hemisphere are produced by VAS at 30 minute 
intervals 24 hours per day. The images can be edited 
together to produce a time-lapse motion picture of 
atmospheric circulation. Resolution is 0.9 km for 
visible light images and 6.9 km for infrared. 

The infrared sounding capability of VAS enables 
meteorologists to construct three-dimensional vertical 
profiles of the atmosphere. The temperature and 
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Clouds Cooling and Heating the Earth 

Measurements of the Earth and its atmosphere by NASA's Earth Radiation Budget Experiment (ERBE) indicate that clouds may have a significant effect on climate 
and weather patterns. Preliminary data suggest that clouds reflect more heat than they retain. Clouds appear to cool Earth's climate, possibly offsetting the atmos¬ 
pheric 'Green house effect." Shown above is an illustration of the cloud's effect on the Earth's atmosphere, as observed by NASA's Earth Radiation Budget Satel¬ 
lite (ERBS) during April 1985. 


altitude of each cloud and atmospheric layer is 
measured, as well as moisture content. With repetitive 
soundings, a picture of the dynamical motion of the 
atmosphere is revealed, permitting forecasters to 
predict theoretically the movements of weather 
systems up to several days in advance. 

Both types of weather satellites are equipped with 
Space Environment Monitors to detect charged 
particles in the vicinity of the Earth. Protons and 
electrons from the solar wind interact with the upper 
atmosphere, subtly influencing Earth’s weather 
patterns. 

GOES satellites spin at 100 rpm to maintain stability 
and thermal equilibrium. In order for VAS to produce 
an image, the sensor must scan a different 8 km strip 
(or line) of the Earth's disc on each revolution After 
every scan a stepping motor repositions the VAS 
mirror until all 1,820 lines are completed, and herein 
lies a weakness in the system. The stepping motor is 
controlled by an incandescent encoder lamp and 
photocell system which measures the angle of the 
mirror prior to the next scan. The encoder lamps of 
GOES-2, 3 and 5 all burned out before the end of the 
seven year design life of the spacecraft, eliminating the 
spin-scan imaging ofVAS. 

When GOES-5 failed in July 1984, GOES-1 lasted 
only seven months as substitute. Solitary coverage of 
North and South America will be provided by GOES-6 
until a replacement (GOES-G) is orbited in 1986. NOAA 


manoeuvered GOES-6 40 degrees westwards to a 
more central viewing position over the Americas, but 
coverage of the Pacific and Atlantic Oceans was 
seriously restricted as a consequence. 

The Ford Aerospace and Communications Corp. 
recently won a contract from NOAA to provide a 
follow-on to the present GOES series beginning in 
1989. Based upon the Ford-built INSAT 
communications/weather satellite, the new GOES will 
be three-axis stabilised and is intended to be launched 
from the Space Shuttle. 

The Soviet Union operates a fully operational 
weather satellite network in polar orbit. Flying at an 
inclination of 82.5 degress, the Meteor-2 spacecraft 
provide much the same imaging and sounding 
services as the American polar orbiters. The USSR also 
plans to develop a weather satellite for synchronous or 
highly elliptical (Molniya-type) orbits. 

Technical problems with GMS-2 forced the 
Japanese to launch their third Geostationary 
Meteorological Satellite (Himawari) ahead of schedule 
in August 1984. Future launches include the third 
European Meteosat on the maiden flight of the Ariane 
4 launcher in 1987, to be followed by three 
'operational' Meteostats by 1990. The third Indian 
INSAT was scheduled to be deployed from the 
Shuttle in July 1986 and China recently announced that 
it intends to launch a polar orbit weather satellite by 
1987. 
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Space Station 
Hurricane Alert 

by Michael Engle 

While Shuttle missions have provided a good observation platform for 
short periods (an average mission lasts seven days), the space station will 
allow observers to make long term studies of geological, oceanographic, 
and atmospheric targets. The planned 28.5 degrees inclination orbit of the 
space station will allow ground coverage from 28.5 degrees north to 28.5 
degrees south and one field that will benefit significantly from long-term 
observations from the space station is the study of the development and 
structure of tropical storms and hurricanes. 


Many of the remote sensing instru¬ 
ments and techniques used aboard the 
Space Shuttle will be easily adaptable 
to the space station for use in monitor¬ 
ing hurricanes. For example, the Shut¬ 
tle Imaging Radar (SIR) produces 
images (similar to black and white 
photographs) of ground targets with a 
resolution of about 15 metres and such 
a device onboard the space station 
could yield information on hurricane 
features such as the amount of rainfall 
andtheroughnessofthesea surface. 

The Large Format Camera (LFC) is 
another instrument that could prove 
useful in space station monitoring of 


tropical storms and hurricanes. This 
camera uses a combined high resolu¬ 
tion/wide field of view lens, in addition 
to a large 23 cm x 46 cm film format, to 
achieve very high quality, high resolu¬ 
tion photographs of the Earth's sur¬ 
face. At the space station's planned 
altitude of approximately 420 km, it 
would record an area of 315 km x 630 
km, sufficient to encompass the ring of 
maximum winds of most hurricanes. 

The space station could also carry 
many other remote sensing devices. 
Among them would be a microwave 
radiometer by which wind speed, 
water vapour, and rain rate could be 


Cyclonic storm north of Hawaii. 
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A Linhof Aero Technika 4" x 5" film photo 01 nurricane 
from such photos. 

estimated and a narrow beam radar 
altimeter to measure the roughness of 
the sea surface, surface currents and 
average wave height. Also, an infrared 
radiometer could be used to measure 
sea surface temperature and a special 
microwave radar, called a scatterome- 


Josephine off the Florida coast. Meteorologists can tell a lot about a hurricane's structure and development 


ter, could be used to measure the 
amplitude of short surface waves that 
are in equilibrium with the local wind, 
thereby allowing an estimate of the 
wind velocity at the sea surface to be 
made. The instruments required to col¬ 
lect this data could be mounted on a 


Typhoon Pat in the Western Pacific. Taken with a Hasselblad 70 mm. This is one of a pair of stereo photos 
that, when taken together, yield much more detail of the three dimensional structure of hurricanes than 
can ever be obtained from meteorological satellites. 


stable pallet attached to the space sta¬ 
tion and operated by trained experts 
onboard. 

A scenario for such a survey might 
be imagined as follows: 

On August 12,1995, meteorologists 
record an easterly wave moving off 
the coast of Senegal, in Western 
Africa. This information is relayed to 
a meteorologist/payload specialist 
(M/PS) onboard the space station. 


Six hours later, during a daylight 
pass over the target area, the M/PS 
observes a small group of thun¬ 
derstorms over the Cape Verde 
Islands in the eastern Atlantic. The 
M/PS photographs the region with a 
handheld 70mm camera, making 
sure to record images from several 
different angles as the station pas¬ 
ses over the target. He also video¬ 
tapes the region using video 
cameras mounted outside the sta¬ 
tion. The battery of video cameras 
includes an infrared TV camera, an 
ordinary colour camera, and a spe¬ 
cial low light-level camera. The M/ 
PS and an assisting crewmember 
begin a 24 hour, round-the-clock 
vigil to record the progress of the 
potential hurricane. The M/PS also 
activates a complex array of remote 
sensing instruments designed to 
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record detailed information about 
the structure and characteristics of 
the storm. 


On August 14, 1995, a Navy recon¬ 
naissance plane reports a poorly 
defined eye with winds of about 95 
mph, some 15° west of the Cape 
Verde Islands. Onboard the space 
station, the M/PS continues to 
observe, photograph, and vid¬ 
eotape the developing storm, as 
well as operate the instrument array 
mounted outside the station. 


A Hasselblad 70 mm (with 250 mm lens) photo ofthe eye of Typhoon Pat. taken overthe Pacific Ocean. 
Such detail is impossible to achieve using weather satellites. 


By August 15, 1995, Hurricane 
Danielle has developed into a pow¬ 
erful storm, with the highest 
recorded winds of 130 mph. 
Onboard the station, the observers 
continue to monitor data being 
recorded by the remote sensing 
devices mounted outside the sta¬ 
tion, on a special platform. The plat¬ 
form carries a very narrow beam 
radar altimeter, a microwave 
radiometer, a microwave scat- 
terometer, an infrared radiometer, 
and a synthetic imaging radar. The 
M/PS records significant data on the 
station's onboard data recorders, 
and relays it to meteorologists on 
the ground, to aid them in making 
real time assessments of the 
storm’s strength and probable path. 

During the next four days, the crew 
of the space station continues to 
document the progress of Hurricane 
Danielle. As the storm continues on 
a course for the Florida mainland, 
the M/PS observations assist the 


ground based meteorologists in 
predicting the point of landfall. 

On August 19,1995, Danielle comes 
ashore near West Palm Beach, 
Florida, causing extensive damage. 
Fortunately, there is sufficient 
advance warning to allow residents 
to prepare, and nojives are lost. 


Meanwhile, the crew of the space 
station continues to observe 
Danielle's progress over the Florida 
landmass, where it begins to lose 
strength. 

As Danielle slowly dissipates, the 
observers document her final 
hours. Forthefirsttimethebirth, life 
and death of a major hurricane has 
been thoroughly recorded from the 
vantage point of space. 


Oblique view, token with e Hasselblad 70 mm, of Hurricane Elena. Note the detail visible in the spiral bands 
andeyeofthe storm. 



While weather satellites are useful 
in studying the large scale features of 
tropical storms, their high altitude orbit 
(over 32 000 km) prohibits a detailed 
study. Also, in order to truly under¬ 
stand hurricanes and tropical storms, 
visual observations must be 
supplemented with data on sea and air 
temperatures, wind velocities and their 
gradients, surface currents, upper 
altitude winds, and amounts of rainfall. 
This data could then be used to 
develop a data base for computer mod¬ 
elling of hurricane development and to 
predict factors that initiate and sustain 
the growth of hurricanes and tropical 
storms. Obviously, the space station 
can play a major role in increasing our 
understanding of the formation and 
life cycle of tropical storms and hur¬ 
ricanes. A greater understanding of 
these storms will undoubtedly lead to 
better predictions, which in turn will 
decrease the tragic toll of lives and 
money lost to these storms nearly 
every year. This alone may well justify 
the next step in America’s space prog¬ 
ramme - a permanent manned pre¬ 
sence in space. 
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Meteosat picture in the visible range (left) compared to Meteosat picture in the i n fi wd range (right). 


Meteosat 1, 
assembly with 
launcher. 










Weather Watch 


METEOSAT 


Meteosat is one of five geosynchronous satellites participating in World 
Weather Watch that are positioned equidistantly above the equator and 
are backed up by several polar transiting satellites providing the com¬ 
plementary weather data thatthe goesynchronous type cannot supply. All 
the information gathered by the WWW satellites is sentto a centre in Read¬ 
ing, UK, where it is processed. 


Prepared from infor¬ 
mation supplied by 


ESA and Aerospatiale 


Most well-known of all satellite data 
are the spectacular images of the 
Earth's cloud cover that appear in TV 
weather bulletins all over the world. 
But the satellites' main mission is to 
collect digital data from which a 
mathematical model of atmospheric 
movements can gradually be built up. 
Several years' worth of stored data will 
enable meteorologists to make ever 
more accurate long-term weather fore¬ 
casts. 

The first Meteosat satellite 
(Meteosat FI), launched in November 
1977, suffered a partial electrical mal¬ 
function two years later, after which it 
was unable to continue with its imag¬ 
ing missions. The F2 replacement was 
launched by Ariane L03 in June 1981 
and has been operational ever since, 
except for its beacon interrogation 
capability. Combining FI and F2 made 
it possible to fulfill all the Meteosat 
missions until 1985 when FI had to be 
deactivated after its fuel supply ran 
out. 

Since then, a European space 
meteorology agency (Eumetsat - see 
Spaceflight, Feb. 1987 p.52) has been 
founded and this organisation has 
placed an order with Aerospatiale for 
three new operational Meteosat satel¬ 
lites. Launches are due to begin later 
this year so that there will be no break 
in the service. 

Furthermore, the European Space 
Agency (ESA) has requested a refur¬ 
bishment of the P2 prototype (a satel¬ 
lite which was built ten years ago) so as 
to make it flightworthy once more. This 
flight model is booked for launch on 
the first Ariane 4 flight and should 
therefore be on station before the end 
of the year, ready to serve as relay bet¬ 
ween Meteosat F2 (which has been in 
orbit for almost six years) and the first 
satellites in the new operational series. 

The Meteosat system has three 
prime missions: to provide images of 
the Earth in the form of quantified data, 
data collection and data dissemina¬ 
tion. 

It is made up of a space segment (in¬ 
itially with one satellite, then two) and 
a ground segment comprising various 
elements. 

ESA was responsible for initiating 
the programme and financing it as 
from 1973 as part of its optional prog¬ 
rammes. Eight European nations par¬ 
ticipated (Germany, Belgium, 
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Denmark, France, the United Kingdom, 
Italy, Sweden and Switzerland). 

Following a call for bids, prime con- 
tractorship for the satellite was 
awarded by ESA to Aerospatiale as 
head of the Cosmos consortium whose 
other members were Siemens and 
MBB (W. Germany), ETCA (Belgium), 
Selenia (Italy), Marconi (UK), and 
Matra, Crouzet and SAT (France). 

The satellite has a cylindrical body 
2.1 m in diameter and 3.2 m high. Once 
in orbit, it is spun up on its axis to 1000 
rpm and this endows it with the 
required gyroscopic stability to per¬ 
form its mission as a spin-stabilised 
satellite. The satellite's spinning 
motion also enables it to carry out line¬ 
scanning of the Earth's surface by 
means of the telescope housed in its 
body. 

The main payload is a radiometer 
comprising a Ritchey-Chretien tele¬ 
scope with an aperture of 40 cm which 
rotates about an axis perpendicular to 
the satellite's spin axis. Sensors 
located in the telescope's focal plane 
supply remote-sensing data in the visi¬ 
ble, thermal infrared and water vapour 
absorption frequency bands. Cooling 
for the infrared sensors is provided by 
a passive radiator that radiates into 
deep space at four degrees Kelvin. 

Digital sampling of information 
gathered by the sensors provides data 
about one complete line of the ground 
scene (in pixels), after which this data 
is immediately transmitted to the 
ground station. During the next satel¬ 
lite spin, the telescope swivels 



upwards through 26 seconds of arc, 
and as soon as the Earth comes into its 
field of vision again it images another 
line contiguous with the preceding 
one. 

The telescope swivels in this way a 
total of 2500 times, making it possible 
in the space of 25 minutes to cover the 
Earth's surface in a series of 2500 lines 
of images. Data from the thermal 
infrared and water vapour absorption 
sensors are sampled 2500 times while 
engaged in imaging the Earth's sur¬ 
face, each of them thus generating a 
total of 2500 x 2500 (6,250,000) pixels. 
As for the visible frequency band, two 
smaller sensors are arranged in the 
telescope's focal plane and sampling 
at double the speed makes it possible 
to obtain four times the amount of 
data. 

After one complete scan of the 
Earth's surface, the telescope is 
immediately prepared for its next 
imaging task. A complete imaging 
cycle takes 30 minutes, meaning that 
48 images can be taken daily in each of 
the frequency bands mentioned ear¬ 
lier. 

The satellite is monitored from the 
European Satellite Operations Centre 
(ESOC) at Darmstadt. Radio links for 
data acquisition, telemetry and remote 
control are based at a dedicated 
ground station (DATTS) which is 
equipped with a 15 m antenna. 


Meteosat Operational Programme Schedule 

Launch 


Launch 


Launch 


Procurement of MOP-3 



1983 


85 

86 

87 

88 

_ 

89 

1990 

91 

92 

93 

94 

1995 

1996 
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International Academy 
of Astronautics 

Recent elections to Membership of the Interna¬ 
tional Academy of Astronautics include many Society 
Fellows and others closely associated with the Soci¬ 
ety. We are pleased to include in this issue short biog¬ 
raphies of two of the new members and extend our 
congratulations to them on the receipt of this honour. 


Antony Smith. 



Antony John Smith is an Independent Management Consul¬ 
tant on effective project management. 

His career has been devoted to the efficient planning and 
control of all types of projects covering such aspects as gui¬ 
dance systems, electronic business machines, aerospace 
and defence projects as well as space projects. 

These activities have been undertaken all over the world 
resulting in a current travel programme of nearly 200,000 
miles per year. 

Space related projects have included early work with the 
European Space Research Organisation on Ariel One, gui¬ 
dance systems projects for Black Night and Blue Streak, 
satellite work in Australia as well as work with NASA on the 
manned space flight programmes at Houston, Texas. 


The IAA was founded in 1960 by the International 
Astronautical Federation as an independently consti¬ 
tuted body. It is devoted to fostering the development 
of astronautics for peaceful purposes, recognising indi¬ 
viduals who have distinguished themselves in a branch 
of science or technology related to astronautics. The 
Academy organises international symposia and pro¬ 
duces the monthly journal, Acta Astronautica. 

Its first Director was the eminent aerodynamicist 
Theodore von Karman. In 1963 the title of Director was 
changed to President. The current president is Dr. 
George E. Mueller, who is distinguished for his direction 
of the Apollo Project of manned lunar exploration. 


The NASA activities started four years ago as a result'of 
work with DoD and defence contractors. He was asked by the 
Director of the Johnson Space Center to act as principal con¬ 
sultant on projects covering the National Space Transporta¬ 
tion System (NSTS), Space Station and other operational 
contracts. 

The specific advice given is in the area of performance 
management which is very important given the emphasis 
placed on the cost effective management procedures 
required by the US Government. 

Currently, Mr. Smith is acting as an advisor for numerous 
companies around the world and anticipates increased 
involvement with NASA once the current situation has 
stabilised. 


Philip Culbertson. 


Philip E. Culbertson was appointed to the position of 
Associate Administrator for NASA Policy and Planning on 
January 9, 1987. In this position he will direct a policy and 
planning staff providing supporttothe Office of the Adminis¬ 
trator in policy analysis and the programme and institutional 
planning processes. 

Mr. Culbertson was the General Manager for NASA from 
December 1985 to January 1987. As General Manager, he 
served as the principal assistant to the Administrator with 
responsibility for providing general management of the 
agency within established policies. From August 1, 1984 to 
December 1985, he was the Associate Administrator for 
Space Station. 

He was the Associate Deputy Administrator from 
November 1981 to August 1984. Earlier assignments within 
NASA included the positions of Assistant for the Space 
Transportation System, advising the Administrator of STS 
matters requiring policy decisions; Deputy Associate 
Administrator for Space Transportation Systems (Techni¬ 
cal); Assistant Administrator for Planning and Programme 
Integration; and Director of Advanced Manned Missions. He 
joined NASA in 1965 having been previously employed by 
General Dynamics Corporation in San Diego, California., 

Mr. Culbertson was born in Colfax, Washington. He 
attended Washington State University, Pullman, 
Washington; Millsaps College; Jackson, Mississippi; and 
received a Bachelor of Science degree in aeronautical 
engineering from Georgia Tech. He served as a commis¬ 
sioned officer in the US Navy after which he spent four years 
at the University of Michigan as a graduate student and 
Research Associate, receiving a Master of Science degree in 
aeronautical engineering. He received the Presidental Rank 
Award of Meritorious Senior Exeuctive in 1982 and that of 
Distinguished Executive in 1983. He has, in addition, 
received the NASA Distinguished Service and Exceptional 
Service medals. He is an officer and a Fellow in the American 
Astronautical Society. 

He and his wife, Shirley, reside in McLean, Virginia. They 
have a daughter, Camden Gooch, and a son, Philip, Jr. 
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Coat of Arms 



The Society has been honoured by a grant of arms 
and heraldic badge by The College of Arms, which has 
recently prepared the designs shown on this page. 

The arms, which appear here on the shield, are an 
heraldic interpretation of the Society's present logo, 
first introduced in 1954 following an invitation to mem¬ 
bers to submit suitable designs. 

The three stars derive from those on the logo which 
were introduced to represent the Society's association 
with 'earth-space, near-space and deep-space'. The 
two vertical bands and the zig-zag transverse band on 
the shield are intended to convey the shape of two roc¬ 
kets, being inspired by the winged rocket on the logo. 

The design is in line with heraldic convention by 
using only basic heraldic divisions of the shield and 
accords with the heraldic tradition of concealing 
actual meaning. In colour, the stars and bands are in 
white on a background of blue, which is the Society's 
traditional colour. 

The demi-winged horse of the crest commemorates 
the astronautical achievements of transport and com¬ 
munication in space exploration. The horse provided 
man with his speediest means of transport and com¬ 
munication over many past centuries. The addition of 
wings represents the same role in a celestial environ¬ 
ment. The laurel wreath round the horse's neck is a 
symbol of honour and achievement, recognising the 
honour due to those who have pioneered astronautical 
achievements. The area of achievement is here 
reflected by the astral crown supported by the winged 
horse. The heraldic interpretation of an astral crown'is 
that of pre-eminence 'among the stars'. 

The shield is supported by two winged lions. The 
lion is a British national symbol. The lions also serve to 
locate the shield in space by the fact that they are 
winged, stand on a mound of clouds and look rear¬ 
wards, the inference being that of looking towards the 
Earth from space. 

The Society's motto, incorporated in the coat of 
arms, is From Imagination To Reality. It expresses a 
fundamental character of the Society in its continued 
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close association with pioneering achievements 
throughout its existence. The motto itself comes from 
the subtitle of the Society's book High Road to the 
Moon (1979) which records much of its early work and 
ideas on rocket and satellite developments, leading to 
exploration of the Moon and beyond, and shows how 
so many of these ideas were subsequently realised, 
particularly with the Apollo programme. 

The heraldic badge has a simple and striking design 
* based on the astronomical symbol for a comet. Com¬ 
ets are singularly unique. They are natural travellers of 
interplanetary space journeying from its outermost to 
its innermost regions and also possibly into interstellar 
regions. The design therefore provides a most approp¬ 
riate symbol of the Society's aims. 


The Society's comet badge. 

Readers with a special interest in heraldry might like 
to know that the armorial bearings are blazoned as set 
out below. Others may be simply bemused by an 
almost archaic wording peculiarto a subject steeped in 
history. 

Arms: Azure a fess dancetty of two points conjoined 
to as many pallets between three mullets one 
in chief and two in base argent. 

Crest: Upon a helm with a wreath argent and azure a 
demi hofse argent winged gorged with a laurel 
wreath and supporting between its hooves an 
astral crown all gold. 

Badge: The astronomical symbol for a comet in bend 
sinister argent. 

Supporters: On either side a winged lion regardant 
gold the compartment comprising 
clouds proper. 

Motto: From Imagination to Reality. 
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JUST ASK... WANTED - OLD MAGAZINES 


Copies of a Society leaflet publicising Spaceflight 
are freely available to members for distribution. 
Spaceflight may now be obtained by either bookstall 
purchase (in the UK) or annual Society membership 
(world-wide). Please take every opportunity to bring 
Spaceflight to the attention of others. 

Members can provide invaluable support for the 
Society by mentioning its work whenever the oppor¬ 
tunity arises and by introducing new members. Free 
literature about th6 Society, including the Spaceflight 
leaflet, may be obtained at any time by contacting the 
Society. 


LIBRARY OPENING DAYS 

The Society Library will be open to members from 
5.30 p.m. until 7 p.m. on Wednesday March 11, 1987. 
From April onwards it will be open on the first Wednes¬ 
day of each month (except August) at the same times. 


The Society always welcomes the return of back 
issues of 'Spaceflight' and 'Space Education' which 
members no longer require and uses these to help 
newer members complete their sets, replace copies in 
Public Libraries, etc. 

At present we particularly seek 'Space Education' 
Vol. 1, No. 4 (1982) and would like to hear from any 
member with one to spare. Please write to: BIS 
Administration Office, 27/29 South Lambeth Road, 
London, SW81SZ. 

QUICKER DELIVERY FOR JBIS 

Overseas readers who receive JBIS on annual sub¬ 
scription can look forward to a much quicker delivery 
service. Following the successful introduction of 
Spaceflight delivery by accelerated surface mail to 
overseas addresses, the arrangement is to be 
extended to JBIS as soon as possible. It will be intro¬ 
duced without extra charge and will be available to 
annual subscribers of JBIS only. 


SOCIETY MEETINGS DIARY 

All meetings unless otherwise stated are held in the 
Society's Conference Room, 27/29 South Lambeth Road, 
London SW81SZ. 


11 March 1987,7-9 p.m. Lecture 

WHEN IS SPACE NEWS? 

by F. Miles 

Once, in the days of Apollo, there was tremendous television 
and press interest in space. Now it seems to take something 
like the Challenger disaster to arouse media interest. What 
arethe constraints on reporting space news? Howdoeditors 
decide what is worth reporting? Frank Miles has been 
handling space stories on ITN since the 1960 — and might 
have some answers. 

29 April 1987, Symposium 

\ 

FUTURE SPACEPLANES 

A follow-up to the successful Hotol Symposium in 
November 1986. 'Future Spaceplanes' will be held at 
Mill bank Tower, London SW1. Registration 9am, first lecture 
9.30am. Programme to be announced shortly. Registration 
forms available from The British Interplanetary Society, 27/ 
29 South Lambeth Road, London SW8 1S2, England. 

6 May 1987,7-9 p.m. Lecture 

REVIEW OF THE SOVIET SPACE 
PROGRAMME 

by P.S. Clark 

For more than a decade, in terms of launch rates, the Soviet 
Union has dominated space activity. Many aspects of its 


space programme are shrouded in secrecy but a careful 
study of public information allows insights to be obtained 
into Soviet space programmes. Phillip Clark has been 
analysing the Soviet Programmefor nearly two decades, and 
will present a review intended forthenon-specialistof recent 
development and the future direction of the programme. 

6 June 1987 Symposium 

SOVIET ASTRONAUTICS 

Offers of papers are invited. Society members with a special 
interest in the Soviet Space Programme are invited to attend 
the symposium to be held at the BIS HQ, London. A 
registration fee of £5.00 is payable. Forms are available from 
the Executive Secretary, British Interplanetary Society, 27/29 
South Lambeth Road, London SW8 1SZ. Please enclose a 
stamped addressed envelope. 

10-17 October 1987 Congress 

38th IAF CONGRESS 
and SPACE '87 EXHIBITION 

Invited lectures. Symposia and over 600 technical papers will 
be presented. To be held at Brighton, England, hosted by the 
British Interplanetary Society. To go on the mailing list for 
free information send your name and address to: "38th IAF 
Congress", The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ, England. 
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Targeting Neptune 


The engineering essence of the mission of Voyager 
2 to Uranus consisted of upgrades to an old spacecraft 
and provisions for successfully imaging the satellite 
Miranda at close range (see the November 1986 issue 
of Scientific American for details). The focus for the 
Neptune mission is, at this time, the selection of a 
trajectory which will yield maximum science return 
consistent with safety. 

Trajectory selection at Uranus was not a major issue 
because the aim point was tightly constrained by the 
necessity to receive a gravity assist from Uranus for 
the passage to Neptune. Voyager 2 has no planetary 
encounters after Neptune so a similar constraint does 
not exist for the August 1989 flyby of that planet. 

The trajectory family which furnishes the basis for 
the best observations of Neptune and its large satellite, 
Triton, poses potential hazards to the spacecraft and its 
proper functioning from trapped radiation, ring mate¬ 
rial, and interactions with the Neptunian atmosphere. 
The geometry for this family features a very close over¬ 
flight of the north pole of Neptune, bending the spacec¬ 
raft's path southward for a close approach to Triton 
five hours later. 

The task before the Voyager Project is to validate the 
above "north polar crown" targeting zone with respect 
to feasibility and to select the best trajectory which 
penetrates this region. These and related topics were 
reviewed in depth at a November 17 meeting of the 
project's Science Steering Group. Charles Kohlhase, 
manager of the Voyager Mission Planning Office, par¬ 
ticipated in this review and discussed with yourcorres- 
pondent some of the key issues involved in the emerg¬ 
ing trajectory selection. 

The investigations which primarily motivate the 
north polar crown strategy are: (1) deep penetration of 
Neptune's probable magnetosphere to measure a var¬ 
iety of field and particle interactions, (2) refraction of 
radio waves through the atmosphere of Neptune for 
reception at Earth in order to deduce atmospheric 
properties such as temperature, pressure, and density 
(see the June 1986 edition of this column for the coun¬ 
terpart investigation at Uranus), (3) a related radio-sci¬ 
ence experiment for Triton - one of the major points of 
interest in the Neptunian system is the atmosphere of 
this body, a feature common only to Titan (Saturn's 
largest satellite) among the satellites of the solar sys¬ 
tem, (4) observations of the Sun through the atmos¬ 
phere of Neptune, then Triton, by the ultraviolet spec¬ 
trometer in order to measure structural and composi¬ 
tional parameters, and (5) imaging at close range the 
surface of Triton. 

Geometrically, the radio-science investigations of 


the atmospheres of Neptune and Triton require occul- 
tation of the Earth by these bodies, as seen from the 
spacecraft, because the spacecraft broadcasts radio 
energy to antennae located on Earth. The geometry of 
the ultraviolet measurements is dictated by the need of 
occulting the Sun since the data from this experiment 
are recorded on the spacecraft rather than on Earth. 
The imaging experiment thrives on closeness to the 
object to be imaged, Triton, for increased resolution of 
surface features. 

Another geometrical factor arises from limits on the 
accuracy with which the spacecraft's antenna can be 
pointed. If, for example, the spacecraft were too close 
to Neptune during the conduct of the radio-science 
experiment - which consists of tracing out about 20 
straight-line segments along the limb of the planet 
while broadcasting radio waves from the spacecraft's 
antenna - pointing errors could degrade the results. 

No one trajectory would prove optimal for the 

Shown are footprints on Triton of the narrow-angle camera of Voyager 2 dur- 
jpg the planned closest imaging of this large satellite of Neptune, at a range of 
about 40,000 km. The images will reveal objects down to 0.8 km and are placed 
along the terminator to take advantage of the favourable lighting angles in this 
region. As with the close-in imaging of Miranda at the Voyager 2 Uranus 
encounter, it will be necessary to perform a late update of camera pointing 
angles and image-motion-compensation rates of the spacecraft (to prevent 
image smear due to the rapid relative motion between satellite and space¬ 
craft). The update reflects the latest navigational information. The remainder 
of the terminator region will be captured in subsequent images. 
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Space at JPL 


accomplishment of all these scientific objectives, and, 
in addition, the previously mentioned hazards of 
atmosphere, rings, and radiation modulate the deci¬ 
sion. The nature of these three hazards will now be 
examined in turn. 

Normally, the atmosphere of a planet is only of sci¬ 
entific interest during a Voyager flyby, but in order to 
achieve enough trajectory bending from Neptune to 
pass closely to T riton it is necessary to fly quite near to 
the planet. Consequently, several engineering effects 
due to the interaction of spacecraft - and upper atmos¬ 
phere must be evaluated: heating through friction 
(which would adversely affect the performance of Voy¬ 
ager 2's delicate radio receiver), loss of attitude control 
through atmospheric torques, perturbation of the 
trajectory with a resultant effect on accurate pointing 
and measurement of gravitational harmonics, electri¬ 
cal arcing induced by the atmosphere, and disturbance 
of the spacecraft's thermal blankets which assist in 
temperature control. 

Each of these potential sources of trouble deter¬ 
mines a minimum distance from the centre of the 
planet below which the spacecraft should not be 
targeted. 

For their analyses, project engineers utilised a 
model of the Neptunian upper atmosphere based 
upon an assumed temperature of at most 500 degrees 
K. Although the temperature of the upper Uranian 
atmosphere wasfound to be 750 degrees K, the scien¬ 
tists have predicted a lower figure for Neptune, partly 
from observations conducted from the International 
Ultraviolet Explorer (IUE) satellite. In this isotherrrtal 
region of the upper atmosphere, a lower temperature 
is more favourable for the mission because it implies 
that the atmosphere, whose density falls off exponen¬ 
tially with distance, will not extend its denser regions 
as far out into space as a more heated atmosphere 
would (technically, the scale height is reduced at lower 
temperatures). 

Main features of the Voyager spacecraft 


It was determined that the controlling atmospheric 
factor on trajectory selection is the electrical arcing 
which could result from ionization of the atmosphere 
near the spacecraft by the rapid passage of the veh icle. 
However, the risk is avoided if the trajectory is chosen 
so as to pass more than 27,300 km from the centre of 
Neptune. Neptune, being a gas giant, has no observa¬ 
ble surface, and this distance corresponds to about 
3000 km above the 100-millibar pressure level of the 
atmosphere: approximately where the cloud tops lie. 
At this distance from Neptune the spacecraft would 
later fly by Triton at a range of 23,000 km (Voyager 2 
approached to within 29,000 km of Miranda at Uranus). 

The structure of the rings of Neptune is not well 
known, unlike the Uranian rings which had been accu¬ 
rately mapped from Earth prior to the Voyager 
encounter. Best current estimates suggest that there 
are two nearly circular rings which lie near the equato¬ 
rial plane of Neptune at distances of 56,500 ± 2500 km 
and 67,000 ± 4000 km. Each ring may consist of partial 
arcs of material, separated by empty regions which 
could add up to 95 per cent of the circumferences. The 
rings, like those of Uranus, appear to be quite narrow, 
perhaps extending only eight to 20 km in radial width. 
One hypothesis has been advanced that the stellar- 
occulation data, which form the basis for Earth-based 
ring studies, are better fit by polar rings! But the Voy¬ 
ager team feels that the equatorial model is more 
plausible. 

There is not much concern that the spacecraft would 
hit one of these narrow rings. Kohlhase calculates that 
even if, perversely, we targeted the vehicle to hit a ring 
there is less than a 10 per cent chance we would be 
"successful". Concern does existthat diffuse material 
near the rings wouldfurnish a hazard. It is felt that such 
material is most likely to be migrating inward, toward 
the planet, although drag from corotating plasma 
could push material outward. Hence, the ring-avoi¬ 
dance strategy that has been adopted is to target the 
spacecraft so that it passes through the equatorial 
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Three bright cloud features - each about the size of Earth - are visible in this image of Neptune taken on May 25, 1983 with the 2.5m telescope at Los Campanas 
Observatory in Chile. A charge-coupled device (CCD) and planetary coronagraph were employed by Dr. Richard Terrile (JPL) and Dr. Bradford Smith (University 
of Arizona) in obtaining this image. The clouds probably consist of methane ice crystals elevated above most of Neptune's gaseous atmosphere. Studies of these 
features show that they move around the planet about every 17 hours and 50 minutes. NASA/JPL 


plane of Neptune farther than 71,000 km from the 
planet; 67,000 km represents the outer ring's distance, 
with 4000 km added in to allow for the uncertainty of 
the ring's location. This yields a flyby distance (at 
closest approach) of 28,950 km from Neptune, which 
entails a later flyby of 38,500 km from T riton. Thus, the 
hazard associated with the rings imposes a more 
severe constraint on the mission than that arising from 
the atmosphere. 

The most serious threat might come from high- 
energy particles trapped in the magnetic field of 
Neptune, should that planet, like Jupiter, Saturn and 
Uranus, possess such a field. The proposed close 
encounter with Neptune could deeply immerse the 
spacecraft in the swirl of electrons, protons and heavy 
ions that probably gird the planet. The greatest con¬ 
cern is with electrons having energies of over three 
million electron volts. This trapped radiation could 
affect the spacecraft through two mechanisms: flux 
and fluence. "Flux" refers to the intensity of radiation 
measured atany onetime, while "fluence" denotes the 
integrated effect of exposure to radiation. As 
demonstrated at the Voyager 1 encounter with 
Jupiter's intense radiation belts in 1979, these effects 
can cause problems. One particular worry is possible 
disturbance of the spacecraft's timing source, which 
would throw the planned sequence of observations 
into disarray. One does not want, for example, to be 
opening the shutter of a camera before the camera is 
pointed at its target! 

The spacecraft was "flown" through the radiation 
model which engineers think is most likely to represent 
the Neptunian environment, and this mathematical 
simulation showed that problems should not be 
expected, either from flux or fluence. However, a 
worst-case radiation model showed a peak flux which 
reached six times the highest level at Jupiter and a flu¬ 
ence one half of the Jovian value experienced by Voy¬ 
ager 1. Neither figure is very reassuring. The results 
are only weakly sensitive to the exact trajectory that is 
flown within the north polar crown family, hence 
unlike the atmospheric and ring hazard studies, no 
limits on flyby distances have been quoted. 
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Further studies are underway to see if the worst- 
case model is indeed a possible state of affairs. Several 
experts believe it to be unduly conservative. In any 
case, there are methods that can be employed to help 
"bullet proof" the near-encounter sequence; certain 
software subroutines can be loaded into the spacec¬ 
raft's computers to compensate for most timing prob¬ 
lems. 

The Science Steering Group has weighed the sci¬ 
ence return and safety factors, sketched above, and 
Reaffirmed the north polar crown strategy. Its scientific 
value is considerably greater than alternative, more 
conservative, approaches (which we did not describe 
due to lack of space). The specific trajectory which has 
been selected approaches to within 29,000 km of Nep¬ 
tune, so atmospheric and ring hazards are minimal, 
and passes by Triton at 40,000 km. It represents a good 
compromise between Neptune and Triton atmos¬ 
pheric science objectives (radio and ultraviolet 
studies) and Triton imaging-science objectives. If the 
aimpoint were much further from Neptune it can be 
shown that, considering navigational uncertainties, it 
would be difficult to place the spacecraft so as to 
achieve occupations of both the Sun and Earth by Tri¬ 
ton. Occupations by Triton are, in any case, somewhat 
uncertain with respect to present-day knowledge of 
that satellite's radius. It is estimated to be 1800 km but 
could be 700 km greater or smaller. A smaller value for 
the radius of Triton would, of course, make occupation 
of Earth and Sun more difficult to achieve. If the aim- 
point were any closer to Neptune, it would become 
more difficult, as previously mentioned,to lay down an 
accurate 20-segment pattern along the limb of Nep¬ 
tune for radio-science studies of the atmosphere. 
Although the Imaging Team would prefer a Triton 
flyby distance of about 25,000 km, the 40,000 km 
approach will still yield excellent resolution, good vie¬ 
wing and lighting conditions, and relatively low smear 
rates. 

On March 13 a Trajectory correction manoeuvre 
(TCM) is scheduled to advance the arrival time of Voy¬ 
ager 2 at Neptune by 12 hours from its current mark. 
The new time will be 0400 GMT on August 25,1989, as 
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measured at the spacecraft. The arrival tinrie is impor¬ 
tant because Triton must be in the proper location in its 
orbit so that the dual encounter, with Neptune and Tri¬ 
ton, can be executed as planned. At the same time that 
this timing adjustment is being made, the aim point 
will be shifted from its present location to one nearer 
the desired point. 

However, the TCM is not designed to put the space¬ 
craft on target exactly toward its final aim point close to 
Neptune. The interim aim point has been selected so 
that if no more TCMs could be performed, there would 
exist no more than a 10 per cent chance of impacting 
Neptune with the spacecraft as a result of targeting 
uncertainties. Recall that one of Voyager 2's radio 
receivers failed in 1978, and if the remaining one 
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should also fail no further commands, including those 
associated with subsequent TCMs, could be accepted 
by the spacecraft. The concern for impact with Nep¬ 
tune does not come from a biological quarantine of the 
planet; unlike Mafs, contamination is a negligible con¬ 
cern by NASA. Rather, the spacecraft carries a backup 
mission load (BML) which would allow it to carry out, 
autonomously, a minimal observational programme 
at Neptune should its receiver fail. In case of impact, 
the post-Neptune portion of the BML-guided pro¬ 
gramme would be lost, including Triton close-up 
studies. Although the probability of occurrence of such 
a scenario is small, the precaution illustrates the 
extreme importance with which this once-in-a-lifetime 
encounter is regarded by the Voyager Project. 


Geometry Serves Science 


Dramatic events in space missions come readily to 
mind: touchdown on Mars by the Viking Landers, the 
discovery of active volcanoes on the Jovian satellite lo 
by Voyager 1, and the detection by IRAS of solid mate¬ 
rial circling the star Vega. What is not so apparent is 
the vast river of technical, scientific data that flows 
from each mission through the scientific community, 
enriching the understanding and forming the basis for 
new insights into the universe in which we live. 

Recognition of the importance of these data and the 
difficulty in utilising them efficiently was made in 1978 
when the Space Science Board of the US National 
Academy of Sciences formed the Committee on Data 
Management and Computation (CODMAC). Over the’ 
years, through a series of reports, CODMAC has 
proved to be an influential force in shaping the way 
that NASA develops its information systems. The first 
CODMAC report was approved by the Space Science 
Board in October 1980 (copies are available from the 
Space Science Board, 2101 Constitution Avenue, 
Washington, D.C. 20418). 

The planets and the oceans, lands and atmosphere 
of the Earth have been served by CODMAC. Among the 
information-oriented entities of NASA that can trace at 
least part of their origins to CODMAC are: the Planet¬ 
ary Data System, the NASA Ocean Data System, the 
Pilot Land Data System ("Pilot" signifies "prototype" 
in this usage and was, also, formerly associated with 
the planetary and ocean data systems), and the Pilot 
Climate Data System. 

Of course, the focus of all of these data systems is 
the primary, scientific data which they contain. How¬ 
ever, one of the problems identified by CODMAC was, 
"Data archives generally contain insufficient ancillary 
data such as time, attitude, orbit, or sensor calibration 
data." In a broad sense, the geometrical and engineer¬ 
ing environment must be characterised along with the 
actual scientific measurements. It is to this effort, the 
Navigation Ancillary Information Facility (NAfF), part 
of the Planetary Data System, that we now turn. 

The idea of supplying ancillary data to scientific 
investigators is certainly not new; for years JPL has 
been producing the Supplementary Experiment Data 
Record (SEDR) to accompany the primary Experiment 
Data Record (EDR). Generally, a flight project has a 
Data Management Team which, among other tasks, is 
charged with generating SEDRs.Thecommon practice 
is to furnish a SEDR in two stages; a predicted SEDR, 
prior to the event, and the post-event SEDR. These 


SEDRs, customised to the various investigations on 
board the spacecraft, contain, as relevant, information 
about the direction of pointing of the instrument as a 
function of time, the ephemeris of the spacecraft and 
target objects, the state of the instrument, and much 
more. 

But there are problems associated with this system. 
Aftera lapse of some years, it is very difficult to go back 
to the data base of a former project and understand it 
to the degree that is usually necessary to support a fol¬ 
low-up investigation. For example, the direction of the 
spin axis of Mars was revised during the Viking mis¬ 
sion, and data dependent upon latitude and longitude 
must be scrutinised in an attempt to ascertain which 
Martian pole was used for their calculation. 

Another problem is that scientific investigators 
must specify early in the life of a project exactly which 
quantities they wish to be contained in their SEDRs - 
flexibility is limited with this system. The timeliness of 
SEDR deliveries is, upon occasion, not well coordi¬ 
nated with an experimenter's needs. The SEDRs for a 
planetary encounter are available about one month 
after that event, too late to support the customary 30- 
day scientific report and sometimes too early to take 
advantage of the highest-accuracy engineering pro¬ 
cessing that eventually becomes available, such as 
precision orbit determination by the project's Naviga¬ 
tion Team. 

The NAIF approach addresses these and other prob¬ 
lems by producing a standardised system, with provi¬ 
sions for flexibility and timeliness, that addresses the 
areas of ancillary data calculation, assembly, archiv¬ 
ing, distribution and accessing. 

A demonstration of some aspects of the NAIF capa¬ 
bility was held during the Voyager 2 encounter with 
Uranus last year. The objective was to process as many 
images from the Voyager cameras as quickly as possi¬ 
ble in order to determine accurately the direction of 
camera pointing. Of the pictures delivered to the NAIF 
team, 93 per cent were processed within 32 hours of 
receipt, and the level of absolute pointing accuracy 
that was determined by the processing greatly 
exceeded the usual standards. Pointing was generally 
determined to within five or 10 pixels (picture ele¬ 
ments); each image from the Voyager narrow-angle 
camera is composed of 800 x 800 pixels, the totality of 
which span a 0.424 degree field-of-view. Thus, the 
demonstration effectively addressed timeliness and 
accuracy, for some of the Voyager data. 
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NAIF techniques have also proved useful for cal- - 
culating pointing directions for non-imaging instru¬ 
ments such as the ultraviolet and infrared spectromet¬ 
ers. Normally, the pointing is calculated from informa¬ 
tion based upon star-tracker. Sun-sensor, and electro¬ 
mechanical data relayed to Earth via the spacecraft's 
telemetry stream. The pointing of an instrument is 
specified by three angles: two which measure the 
direction of the boresight (right ascension and declina¬ 
tion) and one the "twist" angle of the field-of-view. 

Consider the plot of one of these angles - right 
ascension, declination, or twist - as a function of time, 
as determined from spacecraft telemetry. At Certain 
times during the period of time of this plot, images 
may have been taken from another instrument (the 
camera), and, if the pointing direction of the camera 
can be accurately determined at these times, as during 
the Uranus/NAIFdemonstration,thewholesetof(non- 
i’.iaging) data can benefit. The improvement in accu¬ 
racy for the non-imaging plot is possible because the 
boresight of the camera and other remote-sensing 
instrument on Voyager are closely related by virtue of 
the residence of these instruments on a common scan 
platform. The NAIF processing just takes the existing 
telemetry-derived curve which forms the plot and 
moves it around as if it were a rigid object, until it most 
closely passes through the few pointing angles/times 
determined by the camera. In this way, the absolute 
accuracy of the original plot can be greatly improved. 

The technique is rather enigmatically referred to as 
"C-smithing" - the enigma is removed when one 
learns that the "C matrix" is the name for a mathemat¬ 
ical device used by JPL engineers to specify pointing. 

Flexibility and responsiveness are being built’into 
NAIF through the construction of a library of programs 
(NAIFLIB, as the acronym expert could guess) which 
will be made available to scientists for processing data 
within the NAIF data base. The individual scientist can 
then decide whether to tailor ancillary data to his 
needs, through factoring in, or not, niceties such as 
aberration and’ light-time corrections, or to accept the 
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more standard package which will still be produced by 
JPL For this approach to work, the NAIFLIB software 
must be portable (able to function on the computer at 
any installation) and intelligible. The first requirement 
is being met by writing the code in a near-universal lan¬ 
guage, FORTRAN 77, while the attention to the second 
embeds a guide to users directly into the listing of the 
code, rendering the documentation always current 
with respect to the code. Since NAIFLIB is to be used, at 
their option, by scientists, they are heavily involved in 
consulting roles during design and implementation. 
Historically, partnerships between science and 
engineering, when formed, have proven to be a power¬ 
ful combination. The Infrared Astronomical Satellite 
(IRAS) was an extremely successful mission, and it can 
be argued that much of this success was due to the 
close interaction, before and after launch in 1983, bet¬ 
ween scientists .and engineers in designing the data 
system, the strategy for the all-sky survey, and the 
hardware for the (unexpectedly challenging) focal 
plane and dewar. 

A second Voyager demonstration of NAIF will prob¬ 
ably be conducted at the Neptune encounter in 1989. 
An increased level, over Uranus, of real-time services 
would be made available to scientists. The first project 
to employ NAIF as an integral part of its data service 
may be the Mars Observer, scheduled for operations in 
the first half of the next decade. 

An important postscript to NAIF arises from use of 
the geometrical capabilities for planning observations 
rather than just annotating them afterwards. The Hub¬ 
ble Space Telescope (HST), scheduled for launch Into 
Earth orbit on a Shuttle in 1988, has a strong orienta¬ 
tion toward extra-Solar System astronomy: stars, 
galaxies, nebulae. However, observation of moving 
Solar System objects will also be necessary. Some 
NAIF software has been adapted for HST to search for 
geometrical events of interest to astronomers: occul- 
tations, close approaches, maximum elongations, zero 
apparent motion, etc. 

NAIF is managed by Charles H. Acton of JPL, to whom 
thanks are due fordiscussions on this topic. 


A Martian Balloon 


The case for Mars has been building up over the last 
few years: powered by symposia, studies, papers, 
articles in the popular literature, the Soviet mission to 
Phobos in 1988, and the US Mars Observer spacecraft 
to be launched early in the next decade. One suspects 
that the next big step in space, comparable to Apollo, 
may be the manned exploration of Mars. But the 
definitive vision of such a programme has not 
emerged from the welter of possibilities'and potentia I 
components of the endeavour are undergoing 
scrutiny and testing. Last month we looked at the role 
of balloons in a Venus sample return mission; this 
month a Mars balloon will be examined, along with 
associated field tests that have recently been carried 
out in the California desert. 

A double balloon for Martian exploration has been 
proposed by Dr. Jacques Blamont of the French space 
agency CNES. The first balloon is closed and filled with 
helium, about 2000 m 3 . It provides a relatively stable 
amount of buoyancy for the system. The second bal¬ 
loon of 3800 m 3 capacity, either suspended below the 


first, or surrounding it, is a solar montgolfier with a 
large opening at the bottom which permits the flow of 
Martian atmosphere (mostly carbon dioxide) in and 
out. Joseph and Jacques Montgolfier invented thefirst 
practical balloon, a large linen bag inflated with hot air, 
which they sent up at Annonay near Lyons on June 5, 
1783. 

At Martian sunrise the gas within the blackmontgol- 
fier begins to heat up and, with the influx and heating 
of additional atmosphere, the system will begin to rise 
when its buoyancy equals its weight. The ascension, 
initially at the slow rate of 1 m/s, could carry the system 
to a height of 6 km in temperate Martian latitudes. 
Throughout the Martian day the system might fly, as 
the winds direct, over 500 km. As the Sun sets, the 
buoyancy of the montgolfier decreases, and at twilight 
a landing is made. However, the helium balloon main¬ 
tains both balloons above the surface: only the 
tethered payload and a guide rope rest upon the sur¬ 
face of Mars. 
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During the night-time, tactile experiments in the 
payload operate on the surface. Daylight hours permit 
high-resolution observation of the surface from a cam¬ 
era under the balloon. Tactile sensing can also be per¬ 
formed during the day by venting a sufficient amount 
of gas from the montgolfier to let the tethered 
payload drag upon the ground. The payload and guide 
rope also assist in altitude control; when they come in 
contact with the ground, balloon weight is relieved and 
the system tends to rise. The virtue of including the 
montgolfiere in the system can be seen in this ability to 
lower altitude by venting at will without depleting non¬ 
renewable consumables such as ballast and nonam¬ 
bient gas. In fact, the lifetime of the system, estimated 
to be about ten days, is limited either by battery 
lifetime or by the loss of helium resulting from diffu¬ 
sion through the skin of its balloon. 

Since the programme for Martian exploration is still 
under development, it is not possible nowto place the 
hybrid balloon system within the context of a total 
effort. However, it is clear that this system could contri¬ 
bute significantly to the collection of scientific data and 
would be synergistic with a Mars rover vehicle. The 
most valuable characteristic of the system is that it pro¬ 
vides detailed looks at widely separated places. 
Clearly, this is important either for scientific studies or 
for gathering data to plan rover expeditions (or site 
selection for a Mars lander). 

A typical payload has been described by Blamont in 
order to carry out the main objective - study of the 
ground: a device for magnetotelluric sounding to 
define the depth of the permafrost, maybe 1 km (tellus 
is Latin for "earth" or "ground"); a differential thermal 
analyser for measuring the water content of the 
regolith; a package for chemical analysis; a mag¬ 
netometer to measure the crustal magnetic field; and 
the camera. The total payload, including the camera, is 
estimated to have a mass of only 6 kg. The location of 
the system as a function of time could be determined 
by Earth-based radio tracking. 

A prototype of the dual-balloon system has been 
built by a California team (using a montgolfier supplied 
by ONES) and is undergoing tests at Edwards Air Force 
Base in order to better understand its performance 
characteristics. Dr. Bruce Murray, Professor of Planet¬ 
ary Science at Caltech and former Director of JPL, 
Thomas Heinsheimer of Titan Sytems, Inc., and a JPL 
group led by James Burke, including Dr. Gail Klein of 
JPL, and their test team chose this location for its large- 
scale flatness, which allows uninhibited tracking of the 
balloon system with a pursuing ground vehicle. 

The configuration for these tests featured the 
helium balloon inside the montgolfier. The purpose 
was to conduct timing of ascents and descents, the lat¬ 
ter to verify that landings would be gentle enough with 
regard to the payload, and to become acquainted with 
the genera I flight properties of the system. The efficacy 
of the system was demonstrated by ascent to 100 m in 
23 seconds, under conditions of only 30 per cent sun¬ 
light, and soft touchdowns which were judged to pose 
no hazards to a payload. 

The second set of tests, in January 1987, utilised an 
external helium balloon and tested a quick relief valve 
for control of the montgolfier. In addition, tempera¬ 
ture sensors were placed in the interior of the montgol¬ 
fier to facilitate engineering studies. 

The advent of balloons and (solar) sails in the fore¬ 
front of advanced space studies is a testimony to the 
durability of these venerable modes of transportation. 
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Tests were conducted in California on December 17, 1986 of a prototype 
montgolfier balloon system that is a candidate to be a component in a Mars 
exploration system. 

CASE FOR MARS 

Conference, July 18-22, 1987. 

Ho wand when the exploration of Mars is to be undertaken 
depends on the development of viable strategies. The third 
in this series of conferences, The Case for Mars III, will focus 
on strategiesforexploration. Special emphasis will be put on 
examination of international programmes as a way that 
Mars exploration might be carried out. 

The conference will be held at Boulder, Colorado under 
the chairmanship of Thomas Paine, a former NASAadminis- 
trator, who chaired the US National Commission on Space 
which in April 1986 presented its report, 'Pioneering the 
Space Frontier: Our Next 50 Years'. 

Details of the conference programme and submission of 
papers may be obtained from: Case for Mars III, P.O. Box 
4877, Boulder, CO 80306, USA. Tel: (303) 494-8144. 

A New World to Explore 

With the Viking spacecraft, a wealth of new information 
was revealed about Mars. From the mass of scientific photo¬ 
graphic records, Douglas Arnold describes overleaf three 
Mars pictures that he finds of special interest. 
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A personal choice of IMAGES FROM SPACE (continued) 


MARS—A New World to Explore 


Douglas Arnold selects three pictures from the era of spacecraft exploration of Mars to which 
image processing has introduced a new, and possibly abstract, appearance in contrast with the 
harsh reality Of space conveyed by the photographs on pages 106 and 107. 



False colour enhancement is a long established 
tool in the technology of remote sensing from space 
- be it of the Earth or other planets. Generally the 
aim is to discriminate with greater clarity differ¬ 
ences of surface tone, texture or colour which are 
not easily apparent in the original scene. Such rep¬ 
resentations frequently assume an abstract form. 

The picture at bottom left is a false colour treat¬ 
ment by the US Geological Survey at Flagstaff, 
Arizona of Mars' massive shield volcano Olympus 
Mons (the largest volcano discovered in the Solar 
System to date) which rises to more than 16 miles 
above the planet's mean surface elevation. The dif¬ 
ferent colours exaggerate the very subtle differ¬ 
ences in lava flows that have accumulated over 
time. 

Anotherfalse colour rendering of part of the sur¬ 
face of Mars made at the USGS in Flagstaff is shown 
at top left. As it approached Mars in August 1976 the 
Viking Orbiter 2 took 50 pictures which were used to 
make this computer generated mosaic illustrating 
variations in the planet's surface chemistry. 

Red depicts rocks that contain a high proportion 
of iron oxides and dark blue signifies fresher, less 
oxidised materials which are probably volcanic 
basalts. Bright turquoise shows surface frosts and 
fogs derived from carbon dioxide or water ice. 


Brown, orange and yellow represent different types 
of sand and dust deposits. This swath covers the 
entire 360 degrees of planetary longitude between a 
maximum of 30 degrees N to 60 degrees S. 


H.J.P. (Douglas) Arnold 

In 1974, Douglas Arnold 
left Kodak to establish his 
own company. Space 
Frontiers, which is a tech¬ 
nical consultancy, editorial 
bureau and photo library 
devoted to space flight and 
astronomy 

In his earlier career he 
graduated at Wadham 
College, Oxford and 
became a Russian 
specialist in the Army Intel¬ 
ligence Corps before join¬ 
ing The Financial Times 
where he eventually 
became Foreign News 
Editor, later he joined 
Kodak as an assistant to 
the managing director and 



it was during this time that 
he developed a specialist 
knowledge of space imag¬ 
ing techniques 


The Viking 1 spacecraft records sunset over the Plain of Gold (Chryse Planitia) on Mars-August 20,1976. The beautiful haloes in the sky of this ■ 
computer enhanced view do not exist in reality and resulted from the manner in which the electronic camera systems aboard the Vikings sepa¬ 
rated different light intensities. One of the robot lander's cameras began scanning the horizon from the left about four minutes after the Sun 
went down, continuing forten minutes and covering 120 degrees. The data was then transmitted back to Earth via a radio link with the compan¬ 
ion Viking orbiter above. 
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This is the Soviet modular space station Mir as 
it may look in the configuration it will grow to 
over the coming months and years. 

The painting, by British Interplanetary Society 
Fellow Peter Smoulders, is one of the first 
detailed illustrations published in the West of the 
complex. 

At present only the core Mir module is in orbit, man¬ 
ned by cosmonauts Yuri Romanenko and Alexander 
Laveikin. Additional space station modules are now 
being prepared for launch. Usually these modules will 
first dock to the front docking port of the core vehicle 
and then manoeuvre to one of the radial ports with the 
help of a manipulator on each module. 

The first additional module will be devoted to 
astrophysics. Modules for geophysical research, 
biological research and materials processing will be 
added later, according to Soviet officials. 

In this drawing the six docking ports of the Mir core 
are occupied by a Soyuz TM, four special modules (re- 
dially arranged) and an astrophysics module, to which 
a Progress is docked. T wo of the special modules have 
solar panels like the two on the core vehicle. 

The Soyuz spacecraft has been docked 45 degrees 
to the X-axis of the core vehicle to achieve maximum 
clearance of the solar panels. One of the special mod¬ 
ules, fitted for materials processing, has a large return 
capsule to bring space products like alloys and crys¬ 
tals to Earth. 

Peter Smolders a Dutch space consultant and wri¬ 
ter, based his work on extensive discussions with 
Soviet space experts. Smolders is the author of 
"Soviets in Space" (1973) and "Living in Space" 
(1986). 

- Mir Basic Data - 

The Mir Base Unit is 13.13 metres long with a 
maximum diameter of 4.2 metres and a mass of 21 ton¬ 
nes. There are six docking units, five of them located on 
the transfer compartment and one at the rear. The 
diameter of all the docking unit hatches is 0.8 metres. 
Two solar panels span 29.73 metres and have a useful 
area of 76 sq metres. 

The two main engines located around the rear dock¬ 
ing unit each have a thrust of 300 kgf whilst the 32 smal¬ 
ler reaction control jets located at 90 degree intervals 
around the Service Propulsion Module each have a 
thrust of 14 kgf. The station has a pointing accuracy of 
1.5 degrees in the rough mode and 15 minutes of arc in 
the precise mode. 
















Yuri Romanenko. 


Mir 

in Action 

Report by Neville Kidger 



The Soviets gave unprecedentedly open coverage to their resumption 
of fanned activities at the beginning of the year which began on February 
5 with the launch of Soyuz TM-2 with cosmonauts Yuri Romanenko and 
Aleksander Laveikin, the first crew to man the Mir Base Module in 1987. 


Alexander Laveikin. 



Progress 27 in Flight 

The 1987 flight activity with Mir 
began at 0606 (all times GMT unless 
otherwise stated) on January 16 with 
the launch of Progress 27 from the 
Baikonur Cosmodrome. The unman- 
•ned cargo spacecraft conducted a two- 
day rendezvous with the station and 
docked automatically with the rear port 
of Mir at 0727 on January 18. The 
launch and docking were covered live 
by Soviet television. 

Progress 27 delivered some two 
tonnes of various cargoes to the sta¬ 
tion. The Soviets said that "soon" the 
voices of cosmonauts would be heard 
from the station and that a scientific 
module called "Roentgen" carrying an 
astrophysics payload would be ' 
launched to dock with the station. This 
will be the cosmonaut's main place of 
work. 

The astrophysics module had 
already been announced by the 
Soviets as being in preparation and 
that it would carry experiments from 
Holland, ESA, the FRG and the USSR. 
The four main experiments are: 

• Sirene-2, the ESA high-pressure gas 
scintillation proportional spectrome¬ 
ter, an improved version of an experi¬ 
ment carried by ESA's EXOSAT 
spacecraft. It will study X-ray sources 
in the 2-100 keV range. 

• The Dutch experiment is from the 
Netherlands Space Research Organi¬ 
sation based in Utrecht and features a 
Coded Mask Imaging Spectrometer 
called TTM from Birmingham Univer¬ 
sity (the Dutch group integrated the 
experiment onto the package). TTM is 
an improved version of an instrument 
which flew on the Spacelab 2 flight in 
1985. The UK group originally 
expected the experiment to fly on 
Salyut 7. 

• The West German Max Planck Insti¬ 
tute and the University of Tubinger are 
providing a Phoswich scintillation 
spectrometer which will detect X-ray 
sources from 15-250 keV. 

• The Soviet instrument is a sensor 
called Pulsar X-1 which will detect X- 
and gamma ray sources up to 800 keV 
energies. 


Control of the module will be 
effected from the Flight Control Centre 
(FCC) by a specially-trained group of 
Soviet technicians. Observers from the 
other participating countries will also 
be at the FCC for the one to two years of 
the project. 

The cosmonauts will align the com¬ 
plex on the celestial targets and the 
ground will control operation of the 
scientific experiments. Much of the 
observing time will be spent observing 
period variations in X-ray source emis¬ 
sions. There are no plans for the cos¬ 
monauts on Mir to service the experi¬ 
ments or repair them in the event of fai¬ 
lure. 

Soyuz TM-2 in Preparation 

On January 28 the Soviets 
announced that a two-man crew was at 
the BaikonunCosmodrome in the final 
stage of training for their launch on 
Soyuz TM-2. The cosmonauts were 
named as Yuri Romanenko and Alek¬ 
sander Laveikin. Romanenko would be 
making his third flight but for Laveikin 
(35), a design engineer from the 
Morolev Bureau selected as a cos¬ 
monaut in 1978, it would be his first 
mission. The cosmonauts had arrived 
at the cosmodrome on January 23 and 
Soviet TV showed pictures of them 
undergoing medical tests, in their 
Soyuz TM cabin and relaxing by play¬ 
ing the Soviet version of Pool. The men 
were interviewed at length about their 
impressions of each other and the 
upcoming flight. 

Later coverage contained spectacu¬ 
lar scenes from inside the MIK assem¬ 
bly building, of the assembly of the 
Soyuz carrier rocket'and the pre-dawn 
roll out to the launch pad. This TV 
coverage was also carried by western 
news organisations. 

On February 4 the two men gave a 
live press conference at which Vladimir 
Shatalov, head of the cosmonaut train¬ 
ing centre, said that both the prime and 
reserve crews is believed to "prepared 
for the start of a long space flight". (The 
reserve crew may be Vladimir Titov 
and Aleksandr Serebrov). 

The cosmonauts said that they were 
"very satisfied" with their transport 
spacecraft and had checked some of its 
systems and stowable equipment. The 
men had already trained on a mock-up 


of the astrophysics module which they 
said would be "launched in a few 
months time". 

The module has been expected by 
most observers to be of the heavy Cos¬ 
mos type with a 21 tonne mass but it 
was reported from the USA that the 
module is the add-on rear module 
shown by the Soviets at Star Town and 
illustrated in Spaceflight, Sept/Oct 
1986, p.347. The Soviets announced 
that the launch of Soyuz TM-2 would 
occur at 0038 Moscow Time on Feb¬ 
ruary 6 (2138 GMT February 5). 

Launch of Soyuz TM-2 

On February 5 the Soviet radio and 
TV stations gave wide coverage to pre¬ 
flight activities including live pictures 
of the men suiting up surrounded by 
masked, white-overalled technicians. 
The process took place behind a glass 
screen to keep infection away from the 
two cosmonauts. The men gave short 
interviews before they left the building 
for the launch pad and the activities 
were watched by the two Soviet/Syrian 
crews. 

The launch itself was shown live 
during a 25 minute broadcast on Soviet 
TV which started at 0025 Moscow 
Time. At the time of launch, 2138, the 
Mir station was over the cosmodrome. 
The approach was to take two days, the 
Soviets said, in order to save fuel on 
Mir. On the Salyut stations docking 
was accomplished by the Salyut facing 
the oncoming Soyuz. However, as the 
mass of the Mir complex increases by 
21 tonnes each time a module is added, 
the capability to manoeuvre the com¬ 
plex will be reduced. The Soyuz TM 
spacecraft, with its improved "Kurs" 
system allows the Soyuz to fly around 
the station and dock with the front or 
rear port regardless of the orientation 
of the complex. 

During the first day of flight the cos¬ 
monauts checked the systems of the 
Soyuz TM in manned flight for the first 
time. Several orbital manoeuvres were 
conducted in order to place the space¬ 
craft onto the correct approach trajec¬ 
tory for the docking which the Soviets 
said would occur early in the morning 
of February 8, Moscow Time. 

Back to Mir 

The docking operation began at a 
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Cosmonauts undergoing extravehicular activity (EVA) training in a neutral buoyancy water tank. One of 
the first EVA's for Romanenko and Laveikin may involve deployment of a third solar panel forthe Mir base 
module. Novosti 


separation distance of 180 km with fir¬ 
ings of the Soyuz TM-2 engine. The 
"Kurs" system ensured that the Soyuz 
approached the Mir station correctly 
and TV pictures, broadcast the next 
morning on Soviet TV, showed the 
final stages of approach. During the 
night-time passes the cosmonauts saw 
the lights of the station. The docking 
took place over northern China and 
first contact was made at 2327:40 on 
February 7. Because the event occur¬ 
red during the early hours of February 
8 Moscow Time there was no live TV 
coverage but radio did cover the dock¬ 
ing and the transfer live. 

Ninety minutes after the docking the 
FCC gave the cosmonauts permission 
to open the hatches into the station. 
Leonid Kizim and Vladimir Solovyov, 
who vacated the station on July 16, 
1986 had left a TV camera pointing to 
the forward hatch and this beamed col¬ 
our pictures of Romanenko opening 
the hatch and waving cheerfully at the 
camera. Hethen floated intothestation 
with Laveikin. 

TASS reported thatthe flight would 
be a new stage in the working of Mir 
and that plans now involved develop¬ 
ment of "a permanent orbital manned 
complex with specialised research and 
utility modules". 

Romanenko was soon involved in a 
technical discussion with the deputy 
leader of the mission, cosmonaut Vla¬ 
dimir Solovyov. 

The first tasks involved the activa¬ 
tion of the temperature control system 
to "a new operational mode", switch¬ 
ing on of the water regeneration sys¬ 
tem, and checking the preformance of 
instruments and units. The first medi¬ 
cal tests were conducted on February 
8 . 

On February 9 it was reported that 
the complex was in an orbit of 369 x 
328 kilometres with a period of 91.4 
minutes and an inclination of 51.6 
degrees. The crew continued de¬ 
mothballing the systems of the station. 

By the next day the cosmonauts 
were reported to have passed the criti¬ 
cal period of "adaptation" to 
weightlessness and had shifted their 
sleep pattern to normal, working to 
Moscow Time. Unloading the Progress 
27 cargo spacecraft began and'con¬ 
tinued overthenextfewdays. 

On February 11 the orbit of the com¬ 
plex was adjusted by means of the 
Progress 27 spacecraft's engines. 

The cosmonauts maintained com¬ 
munications with the ground via the 
ground-based tracking stations and 
the tracking ships on the high seas 
used by the Salyut series of stations. It 
was reported that the Cosmos 1700 
"Luch" relay spacecraft in geostatio¬ 
nary orbit had failed and had drifted 
off-station. The Soviets have 
announced plans for a three-satellite 
network in geostationary orbit to relay 
signals from the Mir complex to the 
FCC and the first satellite of the system 
was identified as "Luch". The system 
may also be behind again in deploy¬ 


ment following the loss of the payload 
launched on a Proton from Baikonuron 
January 30. That satellite was stranded 
in a short-lived low orbit shortly after 
launch due to a failure of the "Block-D" 
upper stage of the Proton. The loss has 
yet to be reported by the Soviet 
authorities who gave the satellite a 
Cosmos designation. 

Syrian Flight 

The first visitors to Romaneko and 
Laveikin will be the joint Soviet/Syrian 
crew and details of this flight were 
announced at a press conference in 
Moscow on December 18, 1986. The 
prime crew members are Lt. Col. 
Aleksandr Viktorenko (Commander) 
Aleksandr Aleksandrov (Flight 
Engineer) and Syrian Muhammad 
Faris (Research Engineer). Viktorenko, 
born in 1947, was selected as a cos¬ 
monaut in the 1970 intake and has 


bee/i commander of reserve crews for 
Salyut 7 and Mir missions. 

The reserve crew for the "Syrian" 
mission consists of Lt. Col. Anatoli 
Solovyov (Commander) Viktor 
Savinykh (Flight Engineer) and Syrian 
Research Engineer Munir Habib. Sol¬ 
ovyov, born in 1948, was selected in 
the 1976 cosmonaut intake. 

The Soviet Flight Engineers (prime 
and back-up) are both experienced 
cosmonauts with long orbital missions 
behind them. 

The flight is scheduled to start at 
0230GMT on July 22 and the Soyuz TM 
spacecraft will dock with Mir duringthe 
third day of flight. The three-man crew 
are due to return to Earth at 2230 GMT 
on July 29. The flight times are unusual 
because they are well outside the limits 
normally imposed on Soyuz activities 
by the need to land at specific times 
near to sunset in Kazakhstan. 
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OCEAN SATELLITE OPENS REMOTE SENSING ERA 


Japan's New Space Bid 


Japan launched its first Earth resources mission on February 19 at 
10:23 (JST) from the Tanegashima Space Centre using the N-ll ver¬ 
sion of its Delta-based launch vehicle. It marked the first stage of a 
project that will lead to more advanced remote sensing satellites in 
coming years. 

Lift-off of MOS-1 (Marine Observation Satellite) was the second 
launch in a period of just over two weeks for the Japanese. MOS-1, 
renamed MOMO-1 (peach blossom) in accordance with Japanese 
tradition after reaching orbit, followed closely the launch of the X- 
ray astronomy satellite Astro-C (Ginga) on February 4 ( Spaceflight , 
March 1987, p.95) for which the UK supplied part of the payload. 


Earth Observation 

Artificial satellites that use remote sensing systems for periodic obser¬ 
vation of wide areas of the Earth's surface are now assuming an important 
role as tools for exploring and utilising Earth resources, as well as preser¬ 
ving the Earth's environment. Earth-observation satellites now in service 
include the NOAA and Landsat series of the United States and the French 


Spot. 

In Japan, the National Space 
Development Agency (NASDA) has 
assumed a role in the Earth-observa¬ 
tion satellite programme by undertak¬ 
ing development of Japan's first such 
experimental satellite system, the 
Marine Observation Satellite 1 (MOS- 
1 ). 

MOS-1 is intended to establish fun¬ 
damental technologies for Earth- 
observation satellites, primarily by 
observing phenomena such as ocean 


colour and temperature. In addition to 
oceanographic studies, the satellite's 
observations are expected to be of 
value to agriculture, forestry, fishery 
and environmental preservation. 

Mission objectives of MOS-1 are: 

• Development of observation sen¬ 
sors; verification of their func¬ 
tions and performance, and 
experimental observation of the 
Earth (in particular the oceans) 



Flight direction 



SPACEFLIGHT, Voi. 29, April 1987 


139 






38th IAF Congress 

International Astronautical Federation 
BRIGHTON, United Kingdom, 10-17 October 1987 

(Including meetings of the IAA and IISSL) 


Invited lectures and Sym¬ 
posia, including over 600 
technical papers 


Technical tours, social 
events and visits to places 
of interest. 



PROGRAMME 

The following technical symposia are an essential meeting 
point for all professionals in space and space-related fields. 

• Space Systems • Space Stations • Earth Observations • Space Transportation • Space Power 

• Space Propulsion • Materials and Structures • Astrodynamics • Microgravity Sciences and 
Processes • Space Exploration • Satellite Communications • Space and Education • Life Sciences 

• 17th IAF Student Conference* Safety and Rescue* SETI* Space and Global Change • Interstellar 
Space Flight • Economics in Space Operations • Use of the Geostationary Orbit • History of 
Astronautics • International Space Plans and Policies • The Law of Outer Space. 


International 
Exhibition of 
SPACE TECHNOLOGY 



Each Congress delegate will receive 
a personal invitation to visit the 
Exhibition which will complement 
Congress activities. 


SEND TO: British Interplanetary Society, 27/29 South Lambeth Road, London, SW8 1SZ, England. _ Tel: 01-735 3160 

• 38TH IAF CONGRESS and SPACE '87 EXHIBITION • 

to be held jointly at the 

METROPOLE HOTEL, BRIGHTON and the BRIGHTON CENTRE 


To ensure that your name is placed on the mailing list for details of this meeting please send to the above address. 

NAME . 

ADDRESS . 


Official Agents 


Official Carriers 



British Of 
Caledonian 


ORGANISATION 














using such sensors. 

• Basic experiments on a data col¬ 
lection system (DCS). 

• Establishment of fundamental 
technologies Tor Earth observa¬ 
tion satellites. 

It is also designed to evaluate 
techniques for placing satellites into 
Sun-synchronous orbit; tracking and 
control techniquesforsatellites in Sun- 
synchronous orbits, and techniques 
for operating Earth observation satel¬ 
lites. 

MOS-1 is made up ottwo rectangu¬ 
lar parallelepipeds: a bus module and 
a mission module. The latter carries 
the data collection system (DCVS) and 
three Earth observation radiometers: 

• A multi-spectrum electronic self¬ 
scanning radiometer (MESSR). 

• A visible and thermal infrared 
radiometer (VTIR). 

• A microwave scanning radiome¬ 
ter (MSR). 


— Ocean Satellite - 

Conceptual design of MOS-1 and 
partial model tests of sensors began in 
1977 with full-scale development start¬ 
ing two years later. 

Contractors for the satellite system 
were: NEC (prime), Mitsibishi (attitude 
control), Toshiba (solar panel), 
Tshikawjima-Harima (attitude control 
gasjet system). The sensors were built 
by: NEC (MESSR), Fujistu (VTIR) and 
Mitsibishi (MSR). 

The three sensors are all passive 
radiometers which detect reflected 
solar rays or radiated electromagnetic 
waves from the Earth's surface. 

The MESSR will monitor sea surface 
colours and provide information on 
land surfaces in the visible and near- 
infrared ranges; the VTIR will make 
wide-area observations of the Earth's 
surface in the visible and thermal 
infrared ranges to provide information 
on the distribution of atmospheric 
water vapour and surface tempera¬ 
ture; and the MSR will survey quan¬ 
tities of vapour, snow and ice by 


monitoring microwave radiation from 
the surface at two frequencies. 

The MESSR will continuously 
acquire data on a zone with a width of 
either 100 km (with one system) or 185 
km (with two systems) perpendicular 
to the direction of the satellite's flight. 
The VTIR and MSR will obtain data 
from zone widths of about 1500 km and 
317 km, respectively. Acquired data 
will be transmitted to the Earth in real 
time. 

MOS-1 is also equipped with a DCS 
for relaying data acquired by data col¬ 
lection platforms on the ground to 
other ground-based stations. 

Processed data will subsequently 
be offered to general users for a fee by 
the Remote Sensing Technology 
Centre (RESTEC) and NASDA will also 
accept foreign requests for direct 
reception of data from MOS-1. 

A second MOS craft will be 
launched by the end of the decade fol¬ 
lowed in the early 1990's by Japan's 
advanced Earth Resources Satellite 
(ERS). 


MOS-1 was placed into a Sun-synchronous subrecurrent 
orbit with an apogee altitude of 917 km, perigee altitude of 
903 km and inclination of 99.1 degrees. 

Completing one Earth-orbit in 103 minutes, it orbits 
the Earth 14 times per day. Owing to the Earth's rotation, 
the following day the ground track deviates about 169 km 
westwards (along the equator). After making 237 orbits in 
17 days the satellite returns to its original ground track on 
the 18th day. In this way it passes over almost the entire 
Earth surface every 17 days, making it possible to 
repeatedly obtain data on the same area. NASDA 


MOS-1 
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INTERNATIONAL 
SPACE REPORT 

A monthly review of space news and events 


Future UK Space Participation 

Manned or unmanned factories in space, complex orbital stations serv¬ 
ing as laboratories, observation posts or service stations and of course the 
vehicles necessary for their construction and supply will be part of the 
scenery in space in the 1990's. European industry is preparing for the 21st 
century. 


Columbus, the European Orbital 
Station, will be developed by the Euro¬ 
pean Space Agency (ESA) as Europe's 
contribution to NASA's large manned 
station. Columbus is also a first step 
towards an independent European 
space station. 

Studies for Columbus began in 
W.Germ any at MBB-ERNO and in Italy 
at Aeritalia Space Systems Group as a 
Spacelab follow-on programme 
around 1982. Similar studies were also 
carried out in France (Solaris) and for 
ESA. In 1984 a bridging phase made it 
possible to harmonise all of these 
efforts under ESA's leadership and to 
prepare the way for the decisions 
which were taken by the European 
Ministers in January 1985. Columbus, 
like Ariane 5, is one of the programmes 
officially approved at the Rome confer¬ 
ence. The decision was taken to begin 
the preparatory phase for this station 
which will be operational toward the 
end of the 1990's. 

The pre-definition phase (Phase B- 
1) of Columbus began in June 1985 
with major areas of work concerning 
the following four elements as part of 
the Columbus Initial Operating Capa¬ 
bility: 

1. A manned pressurised module 
which will either be attached to 
the US Space Station or free-fly¬ 
ing and used as a laboratory for 
microgravity experiments. 

2. Platforms that will be sunsyn- 
chronous (in polar orbit) or co- 

Cut-away view of one of the pressurised mod¬ 
ules of the Space Station. 


orbiting. 

3. A resource module for providing 
power supply, thermal control, 
attitude control, and life support 
to allow the pressurised module 
to be detached from the main 
space station (Core Station) and 
operate as a man-tended free- 
flyer. 

4. A service vehicle, being a kind of 
'tug' which may or may not be 
manned. 


COLUMBUS 
SPACE STATION 
HIGHLIGHTED 

ESA awarded pre-definition study 
contracts to European industry as fol¬ 
lows: MBB-ERNO, system contractor; 
Aeritalia, pressurised module(s); 
British Aerospace, platform(s); Dor¬ 
mer, resource module; Aerospatiale, 
service vehicle. 

The UK agreed to participate in 
studies of all Space Station elements 
but on condition that the industrial 
leadership of the Polar Platform would 
be awarded to a British company. Pre¬ 
liminary analysis had identified the 
Polar Platform as an element of par¬ 
ticular UK interest, being the one for 
which the largest potential user com¬ 
munity existed in the UK and the one 
which offered the best medium-term 
economic prospects. 

During Phase B (project definition) 
studies, the elements of the Columbus 
Programme have been re-defined by 
agreement. Those now being studied 
are: 

1. A manned Pressurised Module 
that would remain permanently 
attached to the manned Core Sta¬ 
tion. 

2. A Polar Platform. 

3. A Man-Tended Free-Flyer consist¬ 
ing of a Resource Module 
attached to a second smaller 
Pressurised Module. 

4. Enhancements of the small 


retrievable platform Eureca, as a 
partial response to the need for 
Co-orbiting Platforms. 

In 1985, a study was set up by the 
Department of Trade and Industry to 
consider howthe UK might utilise, and 
exploit in the national interest, the 
European participation in the US 
Space Station through the Columbus 
Programme. The study subsequently 
became the responsibilty of the British 
National Space Centre (BNSC). At the 
end of 1986 the study was published in 
eleven volumes entitled, 'Columbus/ 
Space Station, United Kingdom Utili¬ 
sation Study 1985/86'. Volumes I and II 
provide The Executive Summary and 
The Main Text, while Volumes III to VII 
are concerned with different sciences 
and their applications namely Atmos¬ 
pheric, Oceanic, Land, Polar and Mic¬ 
rogravity. Volumes VIII to XI deal with 
Astronomy, Solar Terrestrial Physics, 
Data and Operations, and The Remote 
Sensing Value-Added Industry. 

The report isthe result of study, con¬ 
sultation and discussion involving 
about 300 people - scientists, 
engineers, businessmen and some 
interested members of the public. Its 
objective has been to define and 
assess opportunities which participa¬ 
tion in the Space Station and Colum¬ 
bus Programmes might provideforthe 
potential UK user community and to 
recommend strategies for participa¬ 
tion, and for exploiting these oppor¬ 
tunities. 

' The study confirmed the existence 
of an extensive British community 
engaged in commercial, operational 
and scientific applications of space, 
which by the beginning of the Space 
Station era will inevitably have greatly 
expanded, both in size and range of 
applications, and be making corres¬ 
pondingly greater demands for space- 
flight opportunities. The Columbus 
programme is seen as an effective 
means of gaining such opportunities. 
Industrialists believe that participation 
in Columbus will enable British indus¬ 
try to develop, and significantly 
expand, its capabilities and markets, 
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Columbus pressurised module. 


and that without participation it will 
become increasingly difficult to com¬ 
pete in high technology in world mar¬ 
kets. 

The study recommends that the UK 
should retain industrial leadership of 
the Polar Platform and devote to it at 
least 60 per cent of the industrial 
expenditure from its contribution to 
the Columbus Programme. It also 
recommended that Britain should be 
involved in five major areas of work: 


the space segment of the Columbus 
infrastructure, advanced sensor 
payloads, a national ground segment, 
—underpinning research and develop¬ 
ment, and the establishment of a 
stronger user community. 

Concerning astronaut activities 
related to the Space Station, the study 
recommends vigorous British partici¬ 
pation and that a contribution be made 
to European facilitiesforthe screening 
and training of astronauts. Other 
recommendations are for UK participa¬ 
tion in the Columbus Ground Segment 
on British soil and forthe development 
of Colurnbus payloads in the Earth 
Observation, Scienceand Microgravity 
Programmes of ESA and BNSC. 

Whereas UK participation in some 
ESA projects, such as the Ariane 
launch vehicle, has been minimal, the 
recommendation for Columbus is for a 
full commitment at a level appropriate 
to that of the UK's GNP relative to the 
GNPs of other European countries. 


Young Calls for 
New Tests on 
Shuttle Booster 

Astronaut John Young has made 
known his doubts that a faulty 
booster was the sole cause of the 
loss of the Shuttle Challenger. 
High vertical wind shear and a 
failed attachment ring are cited as 
factors likely to have contributed 
to the ultimate rupture in the 
booster joint. 

His report is no w under consid¬ 
eration by NASA's new Office of 
Safety and recommends that cur¬ 
rently planned ground tests of the 
re-designed booster should be 
extended to simulate the worst 
cases of wind shear and bending 
loads that could occur. 


ZERO-G MEDICAL RESEARCH - 

The first in a series of experiments aimed at improv¬ 
ing a revolutionary treatment for diabetes was per¬ 
formed in February by Canadian astronauts on board a 
NASA jet used to simulate the near-zero gravity envi¬ 
ronment of space. 

The experiment, developed by Canadian Astronau¬ 
tics Limited of Ottawa and funded by the National 
Research Council of Canada, was designed to assess 
the effects of microgravity on a new technique for 
encapsulating living insulin-producing cells for 
implantation in diabetics. 

This microencapsulation technique, developed in 
Canada by Connaught Laboratories Limited of 
Toronto, could ultimately free millions of diabetics of 
the need for daily insulin injections. Laboratory exper¬ 
iments so far have shown that injection of insulin-pro¬ 
ducing cells contained in microscopic capsules has 
controlled the symptoms of diabetes in animalsforup 
to one year. 

The membranes of these microcapsul'es, which pro¬ 
tect the insulin-producing cells from attack by the 
body's immune system, act like miniature sieves. Glu¬ 
cose in the bloodstream passes freely through the 
membrane into the microcapsule and triggers insulin 
production, while insulin produced by the cells inside 
the capsule flows out into the diabetic's body. 

Earth-based experiments by Connaught indicates 
the smoother, more spherical the capsules, the longer 
they survive in the body, and hence the interest in mak¬ 
ing the capsules in space, where the virtual absence of 
gravity allows the formation of near-perfect spheres. 

The first experiment was carried out over a three- 
day period of NASA's KC-135 jet flown from Houston. 
Canadian astronauts Steve MacLean, Bjarni Tryggva- 
son and Bob Thirsk, activated and monitored it during 
50 parabolic trajectories where weightlessness is 
experienced in 20-second bursts. 

Researchers are now analysing images taken by still 
and video cameras to study the effect of microgravity 
on the formation of concentric droplets with diffe- 
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rently-shaped injectors. This will lead to the design of 
an optimum cell encapsulation injector. Future tests 
will use live insulin-producing cells and actual mate¬ 
rials for cell encapsulation. 


Canadian astronauts Marc Garneau (left) and Bjarni Tryggvason with the cell 
encapsulation experiment which is being used in a series of tests on NASA's 
KC-135 aircraft. CA/ 
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Delta Puts Weather Satellite in Orbit 

Philip Chien reports from Kennedy Space Center, Florida. 

NASA successfully launched Delta 179 on February 26, 1987. The payload was 
the GOES-H Weather satellite, identical to the GOES-G which was destroyed when 
a similar Delta failed last May. Launch occurred under cloudy skies at 6:05 EST 
with five VIP guests, the members of the STS-26 flight crew, who were at the Ken¬ 
nedy Space Center for a visit. 


The launch was originally 
scheduled for two days earlier, on Feb¬ 
ruary 24. However there was a small 
leak in a first stage fuel valve, similar to 
a leak which delayed the Delta launch 
last May and another day was lost 
due to high level winds above Florida's 
east coast. 

The ensuing flight was without inci¬ 
dent, other than a slightly low perfor¬ 
mance from the third stage and an 
early firing of tha Apogee Kick Motor 
(AKM). Normally spacecraft engineers 
fire the AKM on the second day of flight 
following a day of vehicle checkout but 
spacecraft engineers decided to fire 
the AKM early after it was determined 
that there were problems with the AKM 
heaters. Even with the problems GOES 
was placed in a nominal orbit and was 
expected to be in operation within a 
month. 

GOES will be positioned over Col¬ 
umbia at 75 degrees West longitude, to 
observe weather formations over the 
Eastern United States and Atlantic 
Ocean. After a month of checkouts, 
NASA will turn GOES over to NOAA 
(National Oceanic and Atmospheric- 
Administration) for use as GOES East. 
The present GOES in orbit will be 
positioned at 135 degrees West lon¬ 
gitude for Western US and Pacific 
ocean pictures. 

Besides the weather tracking func¬ 
tions, GOES-H also carries an experi¬ 
mental 406 MHz SARSAT (Search and. 
Rescue SATellite) system. SARSAT, an 
international project involving the US, 
USSR, UK, Canada, Norway, and other 
nations, has been credited with saving 
over 500 lives after plane crashes, ship¬ 
wrecks and even a race car driver in an 
accident ( Spaceflight , February 1987, 
p.87). All US aircraft and many 
worldwide aircraft are required to carry 
rescue transponders. The operational 
US 121.5 MHz SARSAT receivers are 
aboard TIROS low polar orbit weather 
satellites and USSR receivers are 
aboard Cosmos navigation satellites. 
The GOES SARSAT is the first receiver 
to operate in Clarke orbit and the first to 
operate at the higher 406 MHz fre¬ 
quency. 

NOAA normally needs three GOES 
in orbit at any given moment, one to 
cover each coast of the Western hemis¬ 
phere and a backup in case anything 
goes wrong with an operational craft. 
Since July 1984, when a filament 
burned out on GOES-E (the space equi- 
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valent of a burnt out light bulb), NOAA 
has been operating with only one craft, 
GOES-F. That craft has been moved 
between the eastern and western orbi¬ 
tal positions to cover eastern hurricane 
and western storm seasons, using up 
the valuable onboard fuel reserves. 

GOES-G would have restored the 
two craft system, with GOES-H as the 
in-orbit back-up, but it was destroyed 
in the Delta accident. GOES-H will 
restore the two satellite system but it 
will be at least another two years 
before another GOES can be launched. 
GOES-H is the last of the advanced 
GOES series produced by Hughes Air¬ 
craft. The next generation of more 
powerful, heavier spacecraft GOES- 
Next, will be produced by Ford Aeros¬ 
pace. GOES-I is now scheduled for 
launch by an expendable rocket in 1989 
after being transferred from the Shut¬ 
tle ( Spaceflight , March 1987, p.97). 

The launch of Delta 179 also marked 
the first time in over three years an 
expendable rocket has been launched 
by the US while another rocket under¬ 
goes preparation on an adjacent pad. 
GOES-H was launched from Pad 17A, 
while Delta 182, with Palapa B2 under¬ 
goes checkout on Pad 17B. Palapa, an 
Indonesian communications satellite, 
was scheduled for launch no earlier 
than March 19. The last occasion two 


expendables were undergoing check¬ 
out at the same time was in 1983, when 
Delta 170 with Galaxy A and Delta 171 
with Telstar 301 were launched on 
June 28 and July 28 respectively. By 
coincidence the Palapa B1 satellite was 
launched the week before Galaxy A, 
from ChallengeraboardtheSTS-7 mis¬ 
sion. Under the present schedule two 
rockets won't be prepared simultane¬ 
ously on adjacent pads for at least 
another two years. 

Besides GOES-H and Palapa B2, a 
FltSatcom satellite was undergoing 
checkout for a March 26 launch aboard 
an Atlas Centaur rocket. The practice 
countdown for the FltSatcom mission 
was held February 27, the day after the 
GOES-H launch, and the practice 
countdown for the Palapa mission the 
following day. The three launches 
scheduled within a month formed 
NASA's busiest launch schedule since 
the Challenger accident. 

Palapa is the first communications 
satellite originally scheduled for 
launch aboard the Shuttle which has 
been rescheduled and transfered to an 
expendable booster. It was originally 
planned for launch on Shuttle flight 
61H with the Westar Vl-S, and Skynet 
IVA comsats from Columbia, in the 
summer of 1986. 


Members of the STS-26 crew who were at the Cape to see the Delta launch of the GOES-G weather satellite. 
They are (from left): Mission Specialists David C. Hilmers, George D. "Pinky" Nelson and John M. Lounge, 
Pilot Richard 0. Covey, and Commander Frederick H. Hauck. 
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SATELLITE 
DIGEST-201 

Robert D. Christy 

Continued from the March 1987 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. 

The heading to each launch gives the name of the 
satellite, its international designation and its' number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 


COSMOS 1803, 1986-94A 17177. 
Launched: 0705, 2 December 1986 from 
Plesetsk by A-2 or F2. 

Spacecraft data: Not available, but it may 
be similar to the navigation satellites in 
which case it has cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A5m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Probably a geodetic satellite. 
Orbit: 1498 x 1503 km, 116.05 min, 82.61 
deg. 


COSMOS 1804, 1986-95 A, 17179. 
Launched: 1010, 4 December 1986 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass in between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 347 x 415 kilometres, 92.20 min, 
70.00 deg. 


USA 20 (Fltsatcom 7), 1986-96A, 17181. 
Launched: 0235, 5 December 1986 from 
Cape Canaveral Air Force Station by Atlas 
Centaur. 

Spacecraft data: Hexagonal prism, 1.27 m 
long, and 2.3 m diameter. The mass 
■(excluding fuel) is about 1000 kg. Power is 
provided by a two-panel solar array set at 
right angles to the sides of the main body. 
The Earth-pointing end of the satellite car¬ 
ries a large dish aerial. Three-axis stabili¬ 
sation is by a combination of momentum 
wheels and gas thrusters. 

Mission: US military communications. 
Orbit: Geosynchronous above 179 deg 
west. 


COSMOS 1805, 1986-97 A, 17191. 
Launched: 0731, 10 December 1986 from 
Plesetsk, by A2 or F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is probably 
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about4 m, maximum bodydiameter 1.5m 
and mass around 1400 kg. Stabilisation 
may either be by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 636 x 660 km, 97.75 min, 82.61 deg. 


COSMOS 1806, 1986-98A, 17213 
Launched: 1830, 12 December 1986 from 
Plesetsk by A2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in which case it has a 
cylindrical body with a conical orbital 
adjustment motor section at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabilisation is probably by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m 
and the mass around 1800 kg. 

Mission: Part of the USSR's ballistic mis¬ 
sile early warning system. 

Orbit: Initially 618 x 39287 km, 708.70 min, 
62.85 deg, then raised to 619 x 39730 km, 
717.65 min, 62.86 deg to onsure daily 
repeats of the ground track. 


COSMOS 1807, 1986-99 A, 17217. 
Launched: 1400, 16 December 1986 from 
Plesetsk by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 



ment package may be fitted at the forward 
end. Several small, heat shielded contain- 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance, 
re-entered after 38 days. 

Orbit: 169 x 337 km, 89.59 min, 67.14 deg, 
manoeuvrable. 


COSMOS 1808, 1986-100A 17239. 
Launched: 1703, 17 December 1986 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A5m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite. 

Orbit: 973 x 1020 km, 105.11 min, 82.94 
deg. 


COSMOS 1809, 1986-101 A, 17241. 
Launched: 0800, 18 December 1986 from 
Plesetsk by A-2 or F-2. 

Spacecraft data: Not available, but possi¬ 
bly similar to the navigation satellites in 
which case it has a cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A5m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Scientific satellite with a package 
of instruments measuring ionospheric 
radio-propagation. 

Orbit: 945x965km, 10422 min,82.53 min. 


UPDATES: 

1974- 81 A, MOLNIYA-1 (28) decayedon 29 
December 1985 after 4084 days. 

1975- 9A, MOLNIYA-2 (12) decayed on 4 
July 1985 after 3801 days. 

1975-125A MOLNIYA-3 (4) decayed on 12 
August 1986 after 3881 days. 

The sixth Fleet Satellite Communications 
(FltSatcom 7) spacecraft is successfully 
launched from Cape Canaveral (left) to join the 
system that provides the-US Navy and other 
DoD agencies with instantaneous, UHF comm¬ 
unications ■ capability around the world. The col¬ 
our picture opposite provides a detailed pre¬ 
launch view of satellite integration with the 
Delta booster NASA 
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The latest news from Dr. William Me Laugh llivat the Jet Propulsion Laboratory in California 


A Builder of Spacecraft 


Interplanetary spacecraft are the rare birds of the 
Solar System; Voyagers 1 and 2 were the last JPL 
spacecraft to be launched (in 1977) and not many 
others of this breed have followed. Consequently, the 
skills to design and develop these long-distance 
machines are not widely known. Ronald Draper, the 
Development Project Manager for the proposed 
Comet Rendezvous Asteroid Flyby (CRAF) mission, 
has been involved in this trade since 1961, along with 
a few other skilled individuals. 

Draper began his work at the Laboratory on Mariner 
2, the first successful interplanetary spacecraft, which 
flewby Venus in 1962. Originally, the spacecraft for the 
mission was conceived to be quite large, but the Cen¬ 
taur launch vehicle was behind its development 
schedule; so, the less powerful Atlas/Agena B had to 
be substituted for the Atlas/Centaur, and the allowed 
spacecraft mass had to be drastically reduced. The 
mass at launch was 447 lb, of which 41 lb were devoted 
to the scientific experiments. 

This situation was not atypical because, as Drapter 
comments, spacecraft design is bounded by the triad 
of launch-vehicle capability, science requirements and 
desires, and cost and schedule-a lexicon of constraint 
which has held true to the present day - although cost 
was less a factor in the very early days of interplanetary 
exploration when national prestige was felt to be more 
involved. 

Mariner 3 was a great disappointment. Designed to 
go to Mars, the shroud did not come off after launch, 
and the mission failed. In ten days, JPL and the famed 
"skunk works" at Lockheed designed a new shroud for 
Mariner 4. 

Though his efforts on Mariner 3 did not come to frui¬ 
tion, Draper had also served with the Mariner 4 team_ 
from conception, through spacecraft development and 
testing, and gained flight experience on the Spacecraft 
Performance Analysis and Command (SPAC) Team. 
The mission was a resounding success and revealed, 
surprisingly, the presence of craters on the Red Planet. 

Mariner 5 represented a return to Venus. Basically, 
the Mariner 4 spacecraft was converted to make it ser¬ 
viceable in the Venusian environment. The principal 
change involved the solar panels, which were reconfi¬ 
gured to accommodate the different power and ther¬ 
mal conditions nearer the Sun. In addition, the camera 
was deleted as a (probably unwise) cost-reduction 
measure. During flight operations. Draper returned to 
the SPAC, this time as director of the team. 

The general philosophy for guiding the evolution of 
spacecraft is, according to Draper, to balance inheri¬ 
tance against innovation. High inheritance from previ¬ 
ous design, or even direct inheritance of surplus parts, 
lessens risk and reduces cost. However, selected 
change is necessary in order to meet the rising expec¬ 
tations of spacecraft users and to stay in synchrony 
with the technological environment. The balance bet¬ 


ween inheritance and innovation can be determined 
only by engineering judgement based upon con¬ 
straints and needs. The Mariner 5 mission saw the 
balance tipped toward inheritance because the need 
for change was low and the desire for cost savings was 
high. The Voyager mission, which we will examine, 
needed new technologies to function if it were to oper¬ 
ate effectively in the distant reaches of the outer solar 
system. 

In 1967, even before the Pioneer project received 
approval from Congress, NASA began to look at a 
Grand Tour of the five outer planets. The time was ripe 
because of the coming alignment of these bodies, an 
alignment which would permit a rapid traverse of the 
Solar System by a series of gravity assists. 

The design for the Grand Tour featured dual 
launches to Jupiter, Saturn, and Pluto followed by dual 
launches to Jupiter, Uranus, and Neptune. In order to 
provide a design basis for this fleet of four spacecraft, 
the Thermoelectric Outer Planets Spacecraft (TOPS) 
study was initiated. "Thermoelectric" referred to the 
mode of producing electrical energy from heat gener¬ 
ated by the decay of an isotope of plutonium. The use 
of solar panels for electrical power generation would 
not suffice in the relative darkness of the outer Solar 
System. 

Draper served on TOPS, starting in 1967, as the 
spacecraft system engineer (design team leader). An 
important consideration was to insure reliability over 
the 12-year duration of the mission. The assured per¬ 
formance of on-board computers is essential to high 
reliability; so, TOPS planned a Self Test and Repair 
(STAR) computer. One feature of the STAR computer 
was the introduction of a system of voting on key deci¬ 
sions; three independent processors met under condi¬ 
tions of majority rule. If the vote was not unanimous, 
the dissenter, besides being over-ruled, was deemed 
to be flawed and a replacement was drawn from a pool 
of spares. In addition, the computer memory was par¬ 
titioned into numerous small modules so that, in case 
of memory failure, a replacement module could be 
drawn from a pool. 

Of course, protection was built into other key TOPS 
subsystems. In general, spacecraft designers have two 
methods by which they can provide protection 
through redundant provisions. The first method is 
"block redundancy," which employs an exact copy of 
the system to be protected. The second method, "func¬ 
tional redundancy," employs means other than dupli¬ 
cation to perform the function to be protected; for 
example, instead of carrying two identical amplifiers, a 
spacecraft might carry one travelling wave tube 
amplifier and one solid-state amplifier. Block redun¬ 
dancy is cheaper and allows more total test time on the 
type of system to be flown. Functional redundancy is 
particularly valuable when the part being protected 
represents a relatively new technology. This form of 
insurance reduces the vulnerability to double failure 
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due to problems that could be inherent in the new 
technology. 

But the $750 million estimated cost for The Grand 
Tour proved to be too high, particularly in view of the 
increasing cost of Viking. In early 1972 the project was 
told to cut back to $250 million. Another ten-day effort 
produced an extensive redesign vyhich met the target 
cost. Savings were achieved by utilising only two 
spacecraft and restricting the exploration of the outer 
Solar System to Jupiter and Saturn. In addition to dol¬ 
lar savings from the lesser number of spacecraft, the 
new plan required less resources for mission opera¬ 
tions and less investment in reliability; the require¬ 
ment for spacecraft lifetime was lowered from 12 years 
to 3.5 years. Furthermore, the inheritance factor was 
increased by more extensive reliance on designs and 
spares from the Viking mission. 

The new project received approval in 1972 and was 
christened "Mariner-Jupiter-Saturn 1977" (MJS77) to 
reflect its high inheritance from previous Mariners, its 
mission plan, and its 1977 launch date, respectively. 
MJS77 was later renamed "Voyager" and, after suc¬ 
cessful completion of the primary mission to Jupiter 
and Saturn, Voyager 2 was sent on to Uranus (1986) 
and Neptune (1989). 

Draper, who was the Spacecraft System Engineer 
for Voyager, characterises the system design of a 
spacecraft as an iterative process. Each subsystem - 
radio, power, propulsion, imaging, etc. - is given a set 
of requirements with respect to which the subsystem 
engineer must produce a design. The main paramet¬ 
ers, historically, have been mass, power, reliability, 
cost and science requirements. Recently, the extensive 
dependence of on-board systems on computers has 
brought the parameters of memory size and proces¬ 
sing speed to the fore. When the subsystem designs 
are brought together, requirements are changed as 
necessary, and the design process goes through 
another cycle. The iterative process has recently been 
speeded up and made more accurate by computer- 
aided design and computer-aided layout of circuits. 
The Voyager spacecraft differed from earlier Mariner 
vehicles in that its complexity precluded the system 
engineers from having complete, detailed knowledge 
of the subsystems. Previously, knowledge of the indi¬ 
vidual circuit diagrams and comparable levels of detail 
was common. 

When the Voyager spacecraft went to the Cape, 
Draper joined the Voyager Mission Planning Office for 
flight operations. The spacecraft have performed 
beautifully over the last ten years. On Voyager 2 the 
primary (block-redundant) receiver failed in 1978, but 
its backup is functioning well. Functional redundancy 
in the amplifiers proved wise since the newer type 
solid-state amplifier has experienced some degrada¬ 
tion while the companion travelling wave tube 
amplifier has held steady. Other in-flight problems 
have either been accommodated within the framework 
of the spacecraft design or through workarounds by 
the flight team. 

But in late 1977 a new project claimed Draper's 
attention - the Galileo mission to Jupiter, featuring an 
orbiter and an atmospheric probe. Starting as Space¬ 
craft System Engineer, he later moved up to Orbiter 
Manager. 

The original spacecraft design proposed for Galileo 
was the familiar Mariner concept of a three-axis-stab- 
lised vehicle. The orientations of two of the spacecraft 
axes are maintained through reference to the Sun 
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(utilising a Sun sensor and attitude control thrusters) 
while the direction of the third is referenced to a 
selected star, often Canopus, via a star tracker. The 
three-axis design is simple and reliable and provides 
an ideal basis for remote-sensing instruments such as 
cameras and spectrometers. However, in situ fields 
and particles experiments are, on the whole, better 
served by spinning spacecraft (the Pioneer spacecraft 
are spinners) since the act of rotation allows the 
associated instruments to sample phenomena from a 
variety of directions. 

In order to obtain the advantages of both methods 
of stabilisation, NASA directed the project to build a 
spacecraft which spun but had, also, a despun portion 
on which the remote sensing instruments could be 
located. The price for this versatility has been, of 
course, increased complexity. 

Other Galileo challenges cited by Draper include life 
testing for spacecraft systems and the procurement of 
reliable electronic components. The component prob- 

The Galileo Orbiter and Probe (below) as they sat i n JPL's Spacecraft Assem¬ 
bly facility, prior to their scheduled May 1986 launch. The current project plan 
is to launch this mission to Jupiter in November 1989with a Shuttle/IUS. 
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Montage of the Saturnian system constructed from images taken by Voyager 1. Dione is in the foreground with Tethys and Mimas to the right and Enceladus 
above. 


lem has been exacerbated by the small size of the parts 
and the low voltages with which they operate. These 
factors render the computers potentially susceptible to 
"Single Event Upsets" wherein energy deposit from a 
cosmic ray or other high-energy particle can over¬ 
whelm the ongoing function and interrupt the space¬ 
craft's programme of activity. The harsh radiation 
environment of Jupiter is particularly onerous for the 
operation of electronic parts, and Project Galileo has 
invested considerable effort hardening the parts to 
preserve their integrity. 

After testing of the Galileo spacecraft was under¬ 
way, Draper was appointed Project Manager of JPL's 
new "Mariner Mark II" series of spacecraft in Sep¬ 
tember 1983. A year later his effort was focused in the 
role of Project Manager for the first of these proposed 
missions, CRAF (see the February edition of this col¬ 
umn for recent developments on CRAF). The Laborat¬ 
ory hopes to get approval for CRAF as a flight project in 
the Fiscal Year 1989 NASA budget, now under formu¬ 
lation. 

The experience of 25 years of spacecraft design, 
development and operation are being applied by 
Draper, with his team, in order to produce a design 
which balances the reliability of older subsystems 
with, selectively, the b^st that new technology has to 
offer. 

One problem, encountered on the Voyager mission, 
that is being resolved for CRAF concerns the unwanted 
motion of the spacecraft subsequent to planned move¬ 
ment (slewing) of the scan platform. The four remote¬ 
sensing instruments of Voyager are located on the 
scan platform, which provides the pointing capability 


for these sensors. However, after a slew has been com¬ 
pleted, several minutes must be allowed to lapse 
before the spacecraft settles down sufficiently to serve 
as a stable base for "jiggle free" remote sensing. Dur¬ 
ing periods of cruise, provision for settling time is not 
a problem, but when the observation-packed planetary 
encounter period is underway, settling time is only 
grudgingly tolerated. CRAF plans to employ a momen¬ 
tum-compensation system for its high-precision scan 
platform. 

The CRAF spacecraft will solve another problem by 
including a second, low-precision (pointing) scan plat¬ 
form on which are mounted the fields and particles 
instruments. On Voyager, these devices are bolted 
onto the spacecraft and have limited freedom to sam¬ 
ple their environment in several directions. Locating 
them on a scan platform confers some of the benefits 
of a dual-spin spacecraft on the three-axis stablised 
CRAF without incurring attendant complexity of 
design. 

Additional reliability is being put into CRAF through 
the introduction of fiber-optics sensors into the gyro 
system in a joint effort with Bell Telephone 
Laboratories. With no moving parts, the tendency of 
mechanical systems to fail by simply wearing out is 
eliminated for this key component of the attitude con¬ 
trol subsystem. 

With the loss of the Centaur G-prime as a high- 
energy upper stage for the Shuttle, efficiency in 
spacecraft propulsion systems is a high-priority item 
for all projects. CRAF is exploring the feasibility of 
increasing the capability of its propulsion system by 
six per cent through use of a rhenium throat engine. If 
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the technological upgrade is implemented it would 
permit augmentation of the scientific payload by rais¬ 
ing the spacecraft mass constraint and would also 
allow more mission flexibility. 

Cost reduction through technological advance is 
being achieved on CRAF with the introduction of solid- 
state X-band amplifiers, which cost one-half the price 
of travelling wave tubes and are now items of proven 
reliability (CRAF will be an X-band only spacecraft). 

Subsystem power and mass reductions of more 
than a factor of three are being made with utilisation of 
the ASTROS 2 star tracker (based upon the ASTROS 1 
system which was to have been launched, after Chal¬ 
lenger, for NASA's Halley's comet observations). 

Not all of the CRAF improvements relate to 
hardware advances. Most spacecraft on-board com¬ 
puters are programmed in whatever machine lan¬ 
guage is applicable. This results in memory savings 
and processing-time reductions over the alternative of 


at JPL - 

coding in a high-level language such as FORTRAN, 
ALGOL, or C. However, continuing advances in mic¬ 
roprocessors have resulted in the availability of space- 
qualified devices of sufficiently large capacity and 
speed to employ C. The savings in programming cost 
and the gain in intelligibility, for the human partners of 
the spacecraft, are considerable. 

The excitement and scientific returns from the exp¬ 
loration of a comet at close range are the principal 
rewards that we will obtain from CRAF; imagine 
watching the gnarled and wrinkled nucleus beginning 
to sputter as it approaches the Sun! But the spectacle 
of these achievements is only possible through the 
skills of Ron Draper and his colleagues who are com¬ 
bining the best of the past and the present to yield the 
future. He remarks: "The team effort is very important 
in all of these activities. I have had exceptionally capa¬ 
ble and dedicated people working these challenging 
tasks as members of the teams." 


Magellan to Venus 


The Magellan mission to Venus is scheduled for 
launch with a Shuttle/IUS in April 1989, the first 
launch of a NASA planetary mission in 11 years. It will 
arrive at Venus in August of 1990. The unusually long 
transit time from Earth to Venus (normally the pas¬ 
sage is made in somewhat over three months) results 
from the loss of the Centaur as a high-energy upper 
stage for the Shuttle and the necessity to reschedule 
launches. The purpose of the mission is to acquire a 
high-resolution radar map of most of the planet's sur¬ 
face. For more details of the mapping process see the 
May 1985 edition of this column, wherein Magellan is 
referred to as the Venus Radar Mapper - its former 
name. 

In the preceding piece we discussed a series of 
spacecraft that had been built via the "in house" mode, 
i.e., largely at JPL. The alternative mode for the 
Laboratory is to let a systems contract and have the 
spacecraft built "out of house". The Magellan space¬ 
craft is being built in the latter mode with the Martin 
Marietta Company (MMC), Denver, as the contractor. 
The second major contractor, the Hughes Aircraft 
Company, is constructing the synthetic aperture radar 
(S AR),with JPL furnishing some of the associated digi¬ 
tal electronics for this instrument. 

A significant project milestone is scheduled for 
June/July of this year when the spacecraft and a pro¬ 
totype of the radar will betestedtogetherat MMC. Last 
summer a prototype of the radar was tested with the 
command system of the spacecraft to assure the 
soundness of their functional relationship. The up¬ 
coming testing will validate the proper operation of a 
more complete set of hardware. Then in January of 
1988 the flight radar system and the spacecraft will 
start a series of tests to exercise not only the flight 
hardware but also elements of the supporting ground 
system. In November 1988 the entire system will be 
shipped to the Cape for testing and launch vehicle 
integration. 

Allan Conrad, Manager of the Mission Operations 
System, described some of the challenges that the 
Magellan project faces in navigation, data handling, 
and operations. 

Precision navigation of the spacecraft, as it swings 
about Venus in its 3.15 hour, highly elliptical orbit, is 
important because the radar must be pointed accu- 
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rately (0.20 degrees or better) during the mapping seg¬ 
ment of each orbit; about half of this uncertainty in 
pointing will be due to navigational uncertainties and 
half ascribable tothe spacecraft. For navigational pur¬ 
poses, the line-of-sight velocity of the spacecraft, mea¬ 
sured by tracking the doppler shift of its X-band radio 
signal received at antennae of the Deep Space Network 
(DSN), is required to be accurate to within six-tenths of 
a millimeter per second, and a second type of tracking 
data (technically, "delta-differenced one-way dop¬ 
pler") must be known five times more accurately than 
this. The first data type yields dynamical information 
along the line-of-sight from the station to the spacec- 

This full-disk view of cloud-shrouded Venus was taken by the Pioneer Venus 
Qrbiter in 1979 from a distance of 40,600 miles. The image of a cloudy, turbu¬ 
lent atmosphere clearly shows the bright cloud masses which are wrappecf 
around both poles. The characteristic "Y" marking, clearly visible in many 
images, is only faintly visible in this view but it appears to cover most of the 
central part of the disk. The large, Y-shaped feature may represent dark sul¬ 
phur clouds lying within the reflective, higher cloud layer. Scientists think the 
marbled cloud pattern near the centre of the picture represents convection 
cells (self-contained areas of cloud movement) caused by the Sun's heat. 
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The Magellan spacecraft, rep¬ 
resented by this model, is 
scheduled for launch to Venus in 
April 1989 with a Shuttle/IUS. 

second type complements this with informa¬ 
tion about dynamics perpendicular to the line of sight. 

These measurements of the radio signal will be 
translated into position and velocity estimates for the 
spacecraft in its orbit about Venus by use of mathema¬ 
tical models of this motion. Analogously, astronomers 
translate the doppler-determined line-of-sight velocity 
of a distant galaxy into the galaxy's distance from 
Earth, employing a mathematical model of the expan¬ 
sion of the universe (Hubble's law). 

The most obvious fact about data on Magellan is 
that there will be a lot of it! The large volume of data is 
a characteristic associated with synthetic aperture 
radars. We experienced this condition on the oceanog¬ 
raphic satellite Seasat (1978 launch) which carried a 
SAR in its complement of instruments. An intuitive 
grasp of the reason for the large volume of data can be 
obtained by noting the crisp, detailed SAR images 
returned from Seasat and imaging radars contained cn 
two Shuttle flights. 

For just over 37 minutes of its orbit, when it is closest 
to Venus, the SAR will illuminate the planet with mic¬ 
rowaves and record the returned signal at the rate of 
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806 kilobits per second (790 due to the radar and 16 
from associated engineering measurements). Then, 
the spacecraft will turn to point its 3.7m antenna, a 
spare from Voyager and the same antenna used by the 
SAR system, to Earth for return of the data. For 114 
minutes the antenna will broadcast at the rate of 268.8 
kilobits per second the highest rate achieved by any 
interplanetary spacecraft (for comparison, Voyager's 
maximum rates in kilobits per second were 115.2 at 
Jupiter, 44.8 at Saturn, and 21.6 at Uranus). 

The mapping phase for the primary mission of 
Magellan will span 243 days. At the front end, one to 
two weeks are required for in-orbit checkout of the 
spacecraft. The mapping phase itself will suffer an 
interruption of a few days at superior conjunction, 
when Venus is very close to the apparent location of 
the Sun, disrupting the radio signal from the space¬ 
craft. Assuming that an extended mission is 
authorised after the completion of the primary one, it 
will be used to fill in holes in the global radar map of 
Venus and to perform special scientific studies. 

The large volume of data scheduled for recei pt at the 
DSN stations requires, under current plans, that it be 
put on tapes to be shipped to JPL for processing, as 
opposed to direct electronic transfer of data from the 
'stations to JPL. However, it is necessary to evaluate on 
a regular basis the performance of the radar system. 
Thus,sixpercentofthedata received attheGoldstone, 
California DSN station will be sentto JPL by electronic 
means, for evaluation the next day. 

After 30 to 40 days of mapping operations the data 
"pipeline" will be producing a steady inputto JPL, and 
the data processing system at the Laboratory will pro¬ 
duce a day's worth of radar images for each day of 
spacecraft mapping. 

The project has established a Data Management 
Archive team to provide a unified, indexed store of all 
project data: scientific and engineering. The cen¬ 
tralised data are accessible by all investigators and will 
be delivered en masse to the Planetary Data System 
after the mission for permanent national archiving. 

The third challenge described by Conrad, flight 
operations, will be the first operations to utilise JPL's 
new Spacecraft Operations Center (SFOC) - a collec¬ 
tion of hardware and software systems organised for 
multimission support. See the paper by M. Ebersole in 
the October 1985 issue of JBIS for a description of 
SFOC. For Magellan, only the downlink aspect of SFOC 
will be employed. Uplink (commanding the spacecraft) 
will use classical JPL systems. Subsequent missions 
will draw upon SFOC's uplink facilities. 

Another distinction for Magellan operations is the 
planned use of remote spacecraft-analysis support 
from MMC in Denver, at non-critical times of the mis¬ 
sion. At crtitical mission phases - launch, trajectory 
correction manoeuvres, insertion into orbit about 
Venus - these expert analysts will provide real-time 
support of the spacecraft at JPL. 

The project's desire to minimise costs has yielded 
plans to limit operational activities, and, hence, staf¬ 
fing levels. The uplink of new computer loads (sequ¬ 
ences) to the spacecraft will be restricted to three times 
per week, and it is a project goal to staff most opera¬ 
tions teams for only five-day, 40-hour weeks. A few 
critical teams, including the data processing people, 
will need to function for seven days per week. 

The Magellan mission will furnish the basis for a 
global characterisation of the geology of Venus, much 
as Mariner 9 did for Mars 15 years ago. It will also start 
to get the planetary programme back on track. 
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Space Mathematics 


Space flight as we know it depends upon many 
technologies: propulsion, communications, digital 
computers, electronics, systems engineering, etc. 
Underlying all of these disciplines is that ancient trea¬ 
sure of civilisation, mathematics. The bulk of the relev¬ 
ant mathematics supports the basic physics and 
engineering that ore applied in a space setting, but 
some mathematics has a more direct connection to 
our field. We will look at how two mathematical con¬ 
cerns of the Greeks, geometry and logic, and a product 
of the eighteenth century, a specialised problem in 
dynamics, have smoothed the way to the Moon and 
planets. 

"Conics," those mathematical curves classifiable 
into ellipses, parabolas, and hyperbolas, are so named 
because they can be generated by slicing a cone with a 
plane, yielding a "conic section," which is the proper 
name for this object. In fact, conic sections in everyday 
life are visible on the walls and ceilings of a room when 
a lamp is turned on. The usual lamp shade will shape 
the light emerging from its top end into a cone, and the 
section of this cone by the ceiling yields a circle (a spe¬ 
cial case of an ellipse) while the wall slices a hyperbola 
from the light cone. 

Mathematically, conic sections were discovered by 
the Greek geometer Menaechmus, who flourished in 
the middle of the fourth century BC. The definitive 
work on the subject was published inthethird century 
BC by the "great geometer," Apollonius of Perga, 
whose Conics is still worth reading. 

The connection of conics with celestial phenomena 
was made by Johann Kepler in his Astronomia Nova 
(1609) wherein he demonstrated that the planets move 
(approximately) in elliptical orbits about the Sun. Inci¬ 
dentally, he also showed that a parabolically shaped 
mirror would focus parallel rays of light. With these 
two conically based discoveries, he paved the way for 
Newton's deeper researches into celestial mechanics 
and Newton's invention of the reflecting telescope. 

Conics have long been useful in the initial design for 
spacecraft trajectories. Although advances in compu¬ 
ter services have made more accurate methods of 
trajectory analysis quite accessible, the trusty conic 
still remains a staple ofthe art of mission design due to 
its simple representation d>f a flight path. 

Another major contribution from classical Greece 
was the virtual invention of formal logic by Aristotle 
(384-322 BC). It is surprising that such a fundamental 
subject was brought to being by one person, and no 
major advances beyond Aristotle were made until the 
nineteenth and twentieth centuries of our era. George 
Boole (1815-1864) founded modern symbolic logic 
which, along with subsequent methods and results of 
great power, developed by a string of creative Euro¬ 
pean logicians, has opened new vistas for computer 
science, including the subject of symbolic processing. 

We have departed somewhat from the charter of 
this piece to cite a discipline that does not contribute 
directly to space science, but the effect is nonetheless 
powerful when transmitted through the medium of 
symbolic techniques which include expert systems 
and artificial intelligence as subdisciplines. The 
January and February editions of this column 
described advances in these areas. Logical ideas per¬ 
meate the study of the structure of formal languages, 
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which are important as a link between our carbon- 
based brains and the silicon structures ofthe compu¬ 
ter. Probably the basic reason for desiring automation 
in space is, for the unmanned programme, the long, 
untended periods of time that our creations must 
spend without direct human guidance. 

The physicist John Wheeler has speculated that 
logic may form the basis for the next great revolution 
in physics, and the traditional role of logic in 
philosophy continues, possibly even growing in sig¬ 
nificance. Thus, Aristotle's conception has travelled 
over two millennia in time, into outer space, and into 
the intellectual roots of our world. 

Chess has proved to be a fascinating game, judging 
by the time that humanity has invested in it over the 
centuries. One explanation forthis attraction isthatthe 
game is located in the zone between the readily com¬ 
prehensible, games that are too simple, and construc¬ 
tions that are too complex to be grasped with profit - 
perhaps one might place three-dimensional chess in 
the latter category. 

There is a problem in dynamics that seems to owe 
much of its vitality to this type of delicate suspension 
between the too simple and the overly complex: the 
restricted problem of three bodies (R3B). The problem 
of two bodies (in its idealised form), say the Sun and 
one planet, was solved completely by conics in the 
work of Kepler, as described earlier. The task of deter¬ 
mining the motions of three or more gravitationally 
interacting bodies is, in contrast, too difficult to solve 
analytically; one must resort to numerical approxima¬ 
tions. The "restricted" problem of three bodies is for- 
mulated by considering the motion of a small body, of 
negligible mass, moving under the gravitational influ¬ 
ence of two relatively massive bodies. The two mas¬ 
sive bodies move in conic sections with regard to one 
another, by a Keplerian analysis, since the small third 
body is assumed to have no effect on their paths. 

One physical system that can be approximated by 
R3B is the case of a spacecraft moving under the influ¬ 
ence of a simplified model of the Earth-Moon system 
(the two massive bodies). And, in fact, R3B has 
demonstrated considerable utility in the investigation 
of spacecraft trajectories for lunar missions, particu¬ 
larly during the Apollo era. 

A famous astronomical example with respect to R3B 
is that of the Trojan asteroids. This family of small 
bodies is primarily governed by the gravitational 
forces ofthe Sun and Jupiter (the two massive bodies) 
and traces out one of the few exactly known trajec¬ 
tories for R3B. The theoretical possibility of such a situ¬ 
ation was shown in 1772 by the Italian-French 
astronomer and mathematician Joseph Lagrange 
(1736-1813).Thefirst Trojan asteroid, 588 Achilles, was 
not discovered until 1906, and many others have sub¬ 
sequently been added to the list. 

Who should be .given the credit for originating the 
idea of R3B is a matter of some dispute, but the Swiss 
Leonhard Euler (1707-1783), the most prolific 
mathematician in history, is often mentioned. In the 
last two centuries, hundreds of papers and books have 
appeared on the theory of R3B, and impressive 
advances have occurred, but full analytical com¬ 
prehension eludes investigators and, indeed, may 
never be achieved. 
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The author took this shot of the scene at Launch Complex 39B prior to the launch of Challenger on mission 
51L. J.W. Powo 


Seven months to the day after the 
tragic Challenger accident on January 
28,1986 the largest search and salvage 
operation ever conducted was 
broughtto a close. Thirty eight surface 
vessels and 6000 armed forces and 
contractor personnel had scoured the 
Atlantic Ocean near Kennedy Space 
Center to locate rem nants of the Shut¬ 
tle for use in the post-accident investi¬ 
gation. 

Surface Search 

Debris literally rained from the sky 
for 45 minutes after the Space Shuttle 
Challenger erupted into an enormous 
fireball only 73 seconds after lift-off. 
Television monitors at Kennedy Space 
Center showed pieces of the Shuttle 
splashing into the sea relayed from a 
camera atop the Vehicle Assembly 
Building (VAB), while echoes from fal¬ 
ling debris cluttered downrange radar 
screens. The only sign of debris visible 
from the chilly viewing areas was a 
drogue parachute from one of the 
SRB's drifting in the cloudless sky. 

Helicopters and fixed wing aircraft 
were airborne within two minutes of 
the explosion at 1139 local time, but 
were forced to orbit outside the pro¬ 
jected impact zone until the all-clear 
was given by the Range Safety Officer 
(RSO) at 1 237. Floating wreckage was 
spotted almost immediately by the 
searchers. 

As the afternoon progressed NASA 
and Air Force representatives assem¬ 
bled a search team to be led by USAF 
Col. Edward O'Connor. The SRB recov¬ 
ery ships Liberty Star and Freedom 
Star were recalled from their stormy 
stations on the Atlantic and the Coast 
Guard was ordered to provide cutters 


to retrieve floating debris. By 1800 
there were 1 2 aircraft and ten ships 
combing the ocean surface for the 
remains of Challenger. 

In the early morning darkness of 
January 30 the Coast Guard cutter Dal¬ 
las returned to the Trident Basin at Port 
Canaveral with five large pieces of 
Shuttle wreckage. Jagged portions of 
the right wing and fuselage were 
unloaded in addition to a 7.6 m piece of 
the outer shell from the crew compart¬ 
ment. Ironically a prominent yellow 
'Rescue' decal was visible on the tiles. 

There was a sense of urgency to the 
surface search because the Gulf 
Stream current was gradually carrying 
the debris north of the impactarea. The 
search zone initially extended South of 
Cape Canaveral to Cocoa Beach and 
north to Daytona Beach, covering an 
area of 1 2 959 km 2 . A total of 270,000 
km 2 of the Atlantic was eventually 
searched for floating debris by the 


close of the surface search on February 
7. 

Besides innumerable bits of TPS 
tiles and pieces of the fuselage, the 
Coast Guard and Navy managed to 
retrieve speed brake panels from the 
vertical tail, the body flap control sur¬ 
face, parts of the cargo bay doors and 
the top of the External Tank with vent 
tip intact. Astronaut helmets and mid¬ 
deck lockers were also found floating 
near the crew impact site in early Feb¬ 
ruary. 

SRB Salvage 

Less than a week after the accident a 
probable cause had emerged. On Feb¬ 
ruary 2 NASA released a video tape of 
the ascent showing an unusual plume 
of flame streaming from the right hand 
solid booster of Challenger. The plume 
was apparently emanating from a hole 
burned through the lowermost con¬ 
nection between the four SRB seg¬ 
ments and appeared to trigger an exp¬ 
losion of the external fuel tank. 

The search for the right hand SRB 
was undertaken by an impressive array 
of underwater salvage equipment 
owned by the Defense Departmentand 
leased from commercial diving and oil 
well servicing companies. The Navy 
salvage ship USS Preserver served as 
lead vessel and heavy lifting chores 
were performed by the G.W. Pierce and 
the Stena Workhorse from Scotland. 

Manned submersibles were oper¬ 
ated by the underwater survey ships 
Seward Johnson and Edwin Link to 
attach lines and examine debris in 
deep water. Stena Workhorse, the SRB 
recovery ship Independence and the 
USS Opportune were also equipped 
with unmanned Remote Operating 
Vehicles (ROV) to supplement the 
efforts of the diving teams that worked 
in shallow water to a depth of 91 m. 

Side-scan sonar was used to look 
for the right SRB in an area just off 
shore from Kennedy Space Center, 
where radar had indicated the impact 
of booster fragments. -The 745 km 2 
search zone was extended to 1252 km 2 
after SRB remains were discovered 


Two days after the accident two sailors in a Zodiac boat (above left) search for floating Challenger debris 
near one of the SRB recovery ships. In the picture at left a deck hand hoses down the exposed propellant 
grain of a newly recovered SRB fragment to lower the risk of accidental ignition. Below , a portion of the 
heat protective blanket from the right wing bearing the name Challenger. NASA 
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outside the original boundaries. Sal¬ 
vage priorities were assigned as fol¬ 
lows: 

1. Right SRB. 

2. Orbiter-crew compartment. 

3. Payload. 

4. Left SRB. 

5. External Tank. 

NASA announced orTFebruary 19 
that specific pieces from the right SRB 
had been located by the manned mini¬ 
sub Sea Link 2 and a video tape was 
released showing a submerged hyd¬ 
raulic fluid reservoir from the SRB 
auxiliary power unit. The 53 cm com¬ 
ponent, which was recovered by the 
mini-sub, was positively identified 
from its serial number. 

With the general locale of the right 
SRB having been established, an inten¬ 
sive hunt for the-booster was set in 
motion. The Sea Link 2 and three 
unmanned ROV's were joined by the 
Navy's small nuclear powered 
research submarine NR-1 to conduct a 
comprehensive sonar and video sur¬ 
vey of the entire SRB "debris field" 
over a period of 60 days. 

When a pieoe of an SRB believed to 
be from the left side was located by the 
Sea Link 2 on February 22, the head of 
salvage decided to raise "sonar con¬ 
tact 11" to serve as a rehearsal for 
retrieving the critical right booster. 
After attaching a cable by submersi¬ 
ble, salvors struggled for a week before 
the 2.1 m piece of the aft skirt was 
brought to the surface on March 8. 

Hopes of finding the failed joint 
were intensified on March 18 when 
Stena Workhorse recovered part of the 
right SRB casing. The 1.5 m fragment 
was from an undamaged section of the 
aft field joint. Sonar mapping of the sea 



Drawing showing a grapple and recovery fixture 
(left) being directed by a remote video system sus¬ 
pended from a recovery ship and (below) wreckage 
retrieved from the ocean floor is returned to Cape 
Canaveral Air Force Station. NASA 


floor was terminated on April 7 to per- 
m it search teams to identify as many.of 
the 626 sonar contacts as possible. Of 
the 289 targets examined to that time, 
49 were linked to Challenger. 

The recovery forces were rewarded 
on April 13 when the burned out por¬ 
tion ofthefield joint was retrieved from 
a depth of 168 m about 74 km northeast 
of Pad 39B. Known as sonar contact 
131,the 1861 kg piece ofmetal was part 
of the tang, or 'male' segment of the aft 
booster seal. A large hole with an area 
of 0.186 m 2 was burned in one corner 
centered on the 305 degree position of 
the circumference. There was no trace 
of the O-rings. 

Anothertwo weeks were required to 
locate the corresponding clevis 
('female') section where the burn- 
through occurred. The 3 m case frag¬ 
ment, designated sonar contact 712 
was eagerly hauled-aboard the Stena 
Workhorse on April 29. With word that 
the bottom half of the seal had been 
found. Col. O'Connor called a halt to 
deep water recovery efforts from May 
1 . 

Due to the presence of hazardous 
solid propellant the SRB debris was 
handled differently from the other-sal¬ 
vage. Before the remnants were 
examined at Hanger "O" in the Indust¬ 
rial Area of Cape Canaveral the 
residual propellant was literally 
burned away by thermite charges at 
the Explosive Ordnance Disposal 
(EOD) Range. 

The controlled burns prevented 
further damage to the battered debris 
and permitted inspection to be con¬ 
ducted in complete safety. An excep¬ 
tion was made for-the two pieces of the 
failed joint in order to make a detailed 
examination of the inner surface of the 
propellant grain. The investigators 
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concluded that the cold-affected joint 
did fail as ascertained from the tracking 
camera records, butthatthe recovered 
wreckage added little to what was 
already known. 

The Crew Compartment 

Although the crew compartment 
was high on the priority list, the 
announcement of its discovery 
nonetheless came as a shock to the 
outside world. The painful finding was 
made on March 7 from the salvage ves¬ 
sel "LCU" anchored about 33.3 km NE 
ofPad39B. According to Florida Today 
newspaper, divers Mike McAllister and 
Terry Bailey were investigating a large 
sonar contact at a depth of 26.5 m 
when they came across a jumbled 
heap of wreckage 1.8 to 2.4 m high. Out 
of the murk loomed one of the EVA 
spacesuits with the feet floating freely 
toward the surface. Knowing that the 
suits were stored in tfre orbiter airlock, 
the startled divers realised that they 
had located the crew cabin of Chal¬ 
lenger. 

Recovery of wreckage and human 
remains began in earnestthefollowing 
day. After nightfall the USS Preserver 
returned to port bearing the first reco¬ 
vered debris and, possibly, astronaut 
remains. It was the first of many sol¬ 
emn homecomings for the Preserver in 
the following weeks. 

Late on March 12 the Preserver stole 
into port without running lights and 
was met at the dock by several ambu¬ 
lances. Flag-bearing containers on 
deck, flanked by an honour guard, 
were transferred to the ambulances 
and were driven to the NASA Life Sci¬ 
ence Facility at Cape Canaveral where 
forensic examinations would be per¬ 
formed on the bodies. The remains of 
the astronauts were reportedly in unre¬ 
cognisable condition. 


Flight Recorders 

Among the debris off-loaded from 
the ship were the five orbiter flight data 
recorders and four of the general pur¬ 
pose computers. The flight recorders 
were immersed in fresh water and 
flown to Houston for an attempt to 
decipher the recordings. The mag¬ 
nesium take-up reels had oxidised in 
the sea water, binding the tapes 
together, and IBM developed a clever 
processto break down the magnesium 
dioxide so that the tapes could be 
unwound for restoration. 

A tape of the astronaut's final com¬ 
ments over the intercom proved to 
have the most impact. The transcript 
that NASA released on July 17 seemed 
to prove that the astronauts were not 
aware of their predicament but 11 days 
later the space agency was forced to 
admit that at least one crew member 
was aware of the situation. Further 
analysis of the tape revealed that pilot 
Michael Smith uttered "uh-oh!" just as 
electrical power was lost. Gauges on 
the instrument panel were registering 
main engine shutdown and the vehicle 
was experiencing noticeable yawing 
motions as he spoke. 

At least 75 percent of the crew cabin 
was eventually recovered and the 
Rogers Commission Report contained 
a list of over 1200 individual pieces of 
cabin wreckage stored in a restricted 
area of the Logistics Facility 
warehouse at Cape Canaveral. The 
largest piece of the crew module was a 
5.2 m section of the '576' bulkhead that 
faced the cargo bay. The airlock exit 
hatch was completely intact as was 
one of the rear window openings. 
Further photographs of the cabin will 
not be released out of respect for the 
astronauts' families. 

After storms stirred up the sea bed 
at the cabin site in early April, a com¬ 



Members of the Presidential Commission inspect 
Challenger wreckage. NASA 


mercial scallop boat named Big Foot 
was engaged to successfully trap silt- 
covered debris with nets. Video sur¬ 
veys were then made by submersible 
and divers searched the bottom to 
make sure that none of the module 
remained undetected. The poignant 
task of crew cabin recovery ended on 
April 18 after the last of the astronaut 
remains, those of Gregory Jarvis, were 
discovered three days earlier. The 
bodies were flow to Dover, Delaware 
on April 29 to be turned over to the 
respective families. 

Reconstructing the Accident 

On April 9 the head of the National 
Transportation Safety Board team that 
was officially investigating the acci¬ 
dent, Terry Armentrout, led the media 
on a tour of Challenger wreckage at the 
Logistics Facility. The barnacle 
encrusted debris was arrayed upon a 
grid marked on the floor in 2.1 m 
squares to mark the approximate place 
of origin on the orbiter. 

Armentrout revealed that the Chal¬ 
lenger broke up due to aerodynamic 
forces and structural overload rather 
than the effects of the actual explosion. 
When the right SRB came loose from 
the lower strut at T+72 seconds, the 
External Tank had already been leaking 
hydrogen for nearly eight seconds 
after being breached by the plume 
from the faulty seal. 

Within one second the lower dome 
of the ET failed and the liquid hydrogen 
spilled out, exerting an upward force of 
thirteen million Newtons. The pivoting 
SRB contacted the intertank section 
just as the hydrogen tank was forced 
up into the oxygen tank structure, rup¬ 
turing it. The orbiter was thrown clear 
and broke into several pieces as the 
hydrogen and oxygen were ignited by 
the booster exhaust. Both SRB's con- 


William Rogers (left) and other members of his investigation team, including astronaut Sally Ride. NASA 
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tinued on independent trajectories 
until they were destroyed by the Range 
Safety Officer (RSO) 37 seconds after 
the explosion. 

Matching indentations on the right 
SRB frustrum and ET intertank panels 
provided proof that the SRB struck the 
External Tank. Gouge marks on the 
underside of the right wing indicated 
that the runaway booster also severed 
the wing and probably helped dislodge 
the orbiter. Fire damage on the space¬ 
craft vyas confined to the vertical tail 
and right sidewall. The presence of 
solid propellant combustion products 
indicated that exhaust streaming from 
the aft field joint caused the charring. 

Tracking films revealed that the 
cabin separated cleanly from the 
payload bay and plunged into the 
ocean essentially intact. Structural 
fracture patterns and the close proxim¬ 
ity of the debris on the sea bed 
demonstrated that the crew compart¬ 
ment was obliteratedwben it struck the 
water with a force of 200 G's and a vel¬ 
ocity of 333 kph. The module was in a 
nose down attitude and was banking to 
the left at impact, and the greatest 
damage occurred on the left side 
below the entry hatch. 

Prelimiary evidence indicated that 
the crew were dead or unconscious 

A 4000 lb piece of the aft centre tang joint of the 
right SRB is unloaded from the Stena Workhorse 
(right). It was recovered with the assistance of the 
unmanned submersible Gemini, 35 miles north 
eastof Cape Canaveral in 560 feet of water. Below: 
the USA Coast Guard Cutter Dallas returns wrec¬ 
kage to the Cape Canaveral Air Force station. 
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immediately following the explosion 
but in July a report by Dr. Joseph 
Kerwin of the Johnson Space Center 
concluded that forces reached only 12 
to 20 G's for a brief moment and should 
have been survivable. Investigators 
were unable to determine whether the 
cabin lost pressure during the accident 
because structural damage at impact 
was so severe. The astronauts would 
have retained consciousness for up to 
15 seconds in the event of cabin 
decompression at 14,630 m altitude 
where the disaster occurred. 

At the same time that NASA admit¬ 
ted the flight crew were aware of their 
peril, the space agency also disclosed 
that four Personal Egress Air Packs 
(PEAP) had been recovered from the 
Shuttle cockpit. Three of the air packs, 
provided for emergency evacuations 
at the launch pad, had been activated 
manually even though the ordinary air 
available would not have prevented 
loss of consciousness at high altitude. 

The astronauts probably activated 
the air packs instinctively after oxygen 
flow to the Launch and Entry Helmets 
was cut off during structural breakup. 
The nearly depleted PEAP of Mike 
Smith must have been switched on by 
either Judith Resnick or Ellison 


Onizuka from the rear cockpit because 
the air packs for the pilots are mounted 
on the back of their seats. Although 
pathologists were not able to deter¬ 
mine the astronauts' condition after 
the explosion, it is possible that the 
crew were still alive, but unconscious, 
when the cabin struck the water 165 
seconds later. 

Conclusion 

The $100 million Challenger salvage 
operation officially concluded on 
August 28, 1986. One hundred and ele¬ 
ven tonnes of wreckage was ultimately 
recovered, representing about 50 per 
cent of the SRB's, 50 per cent of the 
External Tank and 35 per cent of the 
orbiter. Significant fractions of the 
TDRS and Spartan-Halley payloads 
were also retrieved for engineering 
analysis. 

Permanent memorials to the "Chal¬ 
lenger Seven" are being established in 
several aerospace museums in 
America using mission emblems and 
other momentoes retrieved from the 
sunken crew module. NASA entombed 
the Challenger debris in two aban¬ 
doned Minuteman silos (Complex 30 
and 31) at Cape Canaveral earlier this 
year. 
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Quasars 

EdsG.Swarup& V.K. Kapahi, D. Reidel Publishing Co., Spuil- 
boulevard 50, P.O.Box 989/3300 AZ Dordrecht, The Nether¬ 
lands. 1986, 605 pp, £74.00 ^ 


Synopsis of the Nomenclature of the Fixed Stars 

H. Werner and F. Schneidler, Wissenschaftliche Ver- 
lagsgesellschaft POB 40, D-7000 Stuttgart 1, W-Germany. 
510 pp, 1986, D.M. 138. 

From antiquity groups of stars formed into constellations 
have provided essential aids to orientation in the sky. How¬ 
ever, the number and kind of constellations have not been 
the same all the time. Those known to the’Greek astronom¬ 
ers, as listed in Ptolemy's Almagest, were really theproduct 
of a long historical line of development and, in modern 
times, further constellations were added by European 
astronomers, even if not always generally recognised. Dur¬ 
ing the age of discovery, the stars of the southern skies were 
discovered and divided into constellations as well, with the 
result that, today, there are 88 recognised constellations. 

Up to now there has been no survey in astronomy which - 
enabled easy comparison to be made between the notions of. 
earlier times about what stars belonged to which constella¬ 
tions and as they now stand. This synopsis fills that need. 
Basically, it reaches down to stars of magnitude five though 
fainter stars are included where necessary. It includesthe dif¬ 
ferent styles of nomenclature taken from 40 major star 
catalogues, including Ptomely's system of numbering the 
stars, the Greek letters used by Bayer and the numbering 
introduced by Flamsteed and added to up to the present 
time. Approximately 100,000 numbers, symbols and letters 
are thus covered. 

The book, printed in English and German, begins with 
introductory text describing the constellations and designa¬ 
tions used for individual stars, before continuing with 
descriptions of all the important catalogues upon which it 
has been based. 

This is followed by the main text which deals with each 
constellation in turn, in alphabetical order, beginning with a 
description of the meaning and origin of each, its brightest 
stars, the area of sky occupied etc., and including a map for 
easy identification. Tabular data is included for every star, 
together with identifying letters or numbers used in earlier 
catalogues. 

The result emerges as a very useful and tidy presentation, 
though it must not be assumed that every star indicated in all 
the earlier catalogues has thereby been identified. In the' 
past, other observers have attempted to provide a similar 
means of ready reference, not least as in the Society's copy 
of Bayer's Atlas, but have foundered over lists of stars which 
cannot now be identified or which could be duplicates, mis- 
observations, etc. 

This work, a labour of 20 years standing, must surely rep¬ 
resent the greatest degree of accuracy now possible. 


Dark Companions of Stars 

P. van de Kamp. D. Reidel Publishing Co., Spuiboulevard 50, 
P.O.Box 989, 3300 AZ Dordrecht, The Netherlands. 1986, 
114pp, £30.25. 

This is a text re-printed with hard covers from Space 
Science Reviews. It consists of two parts. The first surveys 
our local cosmic neighbourhood, giving a general descrip¬ 
tion of its stellar population with emphasis on the photo¬ 
graphic astrometric survey of the lower end of the Main 
Sequence group in a quest for information about unseen 
companions, particularly dark dwarfs. The second part deals 
with probable unseen stars and planets. 


Quasars were discovered by Maarten Schmidt in 1963 
when he interpreted the optical spectrum of the stellar object 
identified as radio source 3C 273 as indicating, what was 
then, an unusually high redshift. This discovery introduced 
severe theoretical problems in attempting to understand the 
tremendous energy released in such a small volume of 
space. 

The quasar phenomenon has since come to be recog¬ 
nised as an extreme example of a range of violent activity 
which occur in active galactic nuclei, with an energy source 
believed to lie in the gravitational field associated with mas¬ 
sive objects. Even though many spectacular observational 
and theoretical results have been obtained and some 3,000 
quasars catalogued through radio, optical and X-ray means, 
the quasar phenomenon is still far from understood. 

The wide range of such problems is covered in this vol¬ 
ume. It includes studies of the continuum properties in 
quasars, their structure and morphology in the radio, IR, opti¬ 
cal, UV and X-ray regions of the spectrum, emission and 
absorption line studies, nature and models of their prime 
movers, cosmological evolution and the implications stem¬ 
ming from this, besides studies of clustering and pairing-as 
well as their use as probes of the intervening medium and 
dark matter in the Universe. 

As this volume shows, quasars have provided a valuable 
insight into the large-scale structure of the Universe and are 
likely to remain at the forefront of research in extragalactic 
astronomy for many years to come. 

Atlas of Galactic Nebulae, Part 1. 

T. Neckel & H.Vehrenberg,Treugesell-Verlang Dr. Vehrenberg 
KG, Schillerstrasse 17, D-4000 Dusseldorf 1, Germany. 1985, 
128 plates and 50pp booklet. Loose-leaf binding.$78. 

This, first of three volumes to appear over an 18 month 
period, surveys the sky from R.A. 0 h to 12 h and Dec +90° to - 
33° for the epochs 1950 and 2000. Within this framework, 435 
diffuse nebulae appearand are illustrated or described. Dif¬ 
fuse nebulae are those without regular form or shape and 
which embody clouds of stars and gas, either indicating star 
formation or the remnants of stars in the final processes of 
decay. Many are well-known objects of considerable beauty 
and intrinsic interest, making the compilation one of great 
value. By definition, all planetary nebulae and galaxies 
within this band have been excluded. 

Dynamical Spacetimes and Numerical Relativity 

Ed. J.M. Centrella. Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge CB2 2RU. 465pp, £30. 

The coincidence of the great current interest in building 
gravitational-wave detectors and new developments in 
supercomputers make this comprehensive account of numerical 
simulations of spacetimes containing strong gravitational 
fields, based on a workshop held in October 1985, most 
timely. 

Topics examined include the gravitational collapse of 
stars and the resulting production of gravity waves, together 
with newanalyticcalculationsthat blend synergistically with 
the numerical models. A special feature of the volume is the 
emphasis placed on test-bed calculations to guarantee the 
accuracy and reliability of numerical codes. 

The book provides a guide to thestate of the art in numerical 
modelling of general relativistic systems. Graduate students 
and professional researchers in general relativity, 
astrophysics and cosmology wishing to keep pace with both 
the achievements and the problems in this rapidly developing 
are sure to find it most valuable. 
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Aerospace Crew Station Design 

Ed. G.P. Carr & M.D. Montemerlo. Elsevier Science Pub¬ 
lishers, PO Box 1991,1000 BZ Amsterdam, The Netherlands. 
1984, 346pp, US$58. 

This volume presents the proceedings of a course held in 
Italy in October 1983, the first of a series of bi-annual meet¬ 
ings designed to provide an international forum for the 
exchange of concepts and techniques in the design of aircraft 
a nd spacecraft crew stations. 

The subject has many other definitions e.g. human factors 
engineering, the man-machine interface and biomechanics - 
but they all involve design considerations where an interac¬ 
tion takes place between humans and machines or systems. 

A total of 14 papers are included, of which six readily 
relate to space, the remainder being concered with such 
topics as aircraft cockpits for pilots. In each of the four main 
sections, relating either to aircraft or spacecraft, there is an 
opening historical paper which describes crew stations of 
the past and evolution of designs up to the present day, with 
some consideration of future needs. 

Optimal Spacecraft Rotational Manoeuvres 

Eds. J.L. Junkins & J.D. Turner, Elsevier Publishing Co., P.O. 
Box 1663, Grand Central Station, New York, NY 10163, USA. 
1986, 516 pp, $109.25. 

This monograph is directed toward solving a family of 
problems which arise in manoeuvering modern spacecraft, 
ranging from fundamental developments in analytical 
dynamics and optimal control to a significant collection of 
example applications. The primary emphasis is upon the 
most central analytical and numerical methods for determin¬ 
ing the optimal rotational manoeuvres of spacecraft. Large 
angle nonlinear and large rotational manoeuvres of flexible 
vehicles with sumultaneous vibration suppression/arrest are 
also considered. 

The book provides much new material which should be of . 


great interest to those working in the general areas of 
spacecraft technology, applied mathematics, optimal con¬ 
trol theory, and numerical optimisation. Chapter 11, in par¬ 
ticular, presents new information useful for terminal control 
and tracking manoeuvres. 


Astronomical Observations - An Optical Perspective 

G. Walker, Cambridge University Press, The Edinburgh 
Building, Shaftesbury Road, Cambridge, CB2 2RU. 1987, 
347pp, £40.00 hardback, £15.00 paperback. 

All the information we have about the Universe beyond 
the Solar System, so far, is based on data received via elec¬ 
tromagnetic radiation and cosmic waves. 

This book provides a comprehensive account of current 
observational techniques used in astronomy to detect and 
interpret data coming from such sources. Although particu¬ 
lar.emphasis is placed on optical astronomy, the volume 
gives a complete survey of basic observing techniques avail¬ 
able to astronomers for all wavelengths of the electromagne¬ 
tic spectrum. 

The various types and sources of stellar electromagnetic 
radiation are covered as well as the range of instruments 
available to observe them. Some particular topics include 
the construction of sensitive low-noise detectors, preserva¬ 
tion of image quality and limits to measurement precision. 

This work is particularly timely because, although 
astronomers nowadays have access to a wide range of tele¬ 
scopes both on the ground and in orbit, there is an increasing 
demand for observing time which makes it essential to know 
the principles and limitations of instruments and techniques 
well beforehand. 


Most of the above notes are not reviews in the ordinary sense 
but have been extracted from information provided by the 
publishers and/or authors, amplified by further brief comment 
where appropriate. 
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CORRESPONDENCE 


Influencing Public Opinion 

Sir, I suspect' the Saturday Column by Christopher 
Booker ( Daily Telegraph, February 28,1987) on the 1969 
Moon landing in which he asks, "Was that 'gigantic leap' 
really heroic or just an act of self-deception" to be indicative 
of the way in which an increasing number of people think. 
What concerns me is the paragraph: 

“As we ourselves look back on the moonshot nearly 20 years 
later, we wonder what it really achieved for the human race? 
Did it bring us any closer to some ultimate truth or to any gre¬ 
ater sense of humanity. In many ways it seems to have been 
one of the greatest and most baffling dead-ends humanity 
has ever reached in our long emergence from an uncon¬ 
scious state of nature." 

I am sure that many people will wish to know if the allega¬ 
tions made in the article against Werner von Braun have any 
substance. 

TONY DEVEREUX 
Essex 

Ed. “Knocking ' space goes on in the non-technical media 
world-wide. Readers are urged to respond promptly by 
writing to the publications concerned pointing out the 
importance of the long-term benefits of space. 

Canada in Space 

Sir, Many thanks for sending me the January issue of your 
very handsome magazine. I appreciate the faithful portrayal 
of Spar programmes - it serves well both our own interests 
and those of international cooperation. 

CHRISTOPHER G. TRUMP 
Vice President 
Spar Aerospace Ltd. 

Soyuz 4/Soyuz 5 Launch Times 

Sir, P.S. Clark's analysis of the launch times of the Soyuz 4 
and Soyuz 5 spacecraft is undoubtedly correct, the nine 
minute differences being due to the announcement of injec¬ 
tion times. This point was resolved many years ago at the 
request of the late Dr. Charles S. Sheldon and launch times of 
07.30 and 07.04 GMT respectively are quoted in Soviet Space 
Programs: 1976-80, (Part 2, Table 15, p.662). Mission dura¬ 
tions are given as 71 hrs 21 min and 72 hrs 54 min respec¬ 
tively; the values later quoted in the encyclopedia edited by 
V.L. Glushko. 

G.E. PERRY M.B.E. 
The Kettering Group 
Northants 

Lifeboat in Space 

Sir, In the event of structural failure or unforeseen accidental 
a space station, an escape craft is needed which has the 
capacity to sustain life for up to six crew members until a 
rescue craft arrives. The escape craft could be one of the 
space station's sections that is set aside as a rest area and fit¬ 
ted with fuel tanks and water supplies etc. 

Additionally, this section of the space station could have a 
built-in orbital manoeuvering system (OMS) and its own 
thermal protection. It could then disengage itself from the 
r estofthe structure and re-enter the Earth's atmosphere. 

MIKE BROWN 
Birmingham 
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Sampling Venus 

Sir, The article 'Sampling Venus' ( Spaceflight, February 
1987, p.78) explains in detail six phases of collecting samples 
from the surface of Venus, and concludes: "After rendezvous 
with the VOV, Phase six consists of the flight back to Earth. 
The samples are placed in a canister which describes a highly 
elliptical orbit about Earth and is retrieved by an orbital man¬ 
oeuvring vehicle." 

There is no mention in Phase six about precautions taken 
when bringing samples to Earth. What safety measures are 
taken to protect Earth from accidental introduction of living 
organisms from space? If scientists do take the matter seri¬ 
ously why is it not made clear in the article? 

A paragraph in the booklet "Space Works" (1985,p.58) by 
Stuart Malin and Carole Stott states: "If Mars had a wetter 
past with a thicker atmosphere could it not also have 
developed life? Probably not intelligent life as we know it, but 
primitive micro-organisms that today lie dormant in Mars' 
billion-year long ice age waiting to be re-activated when the 
moisture returns. 

"To answer these questions and many others, two 
spacecraft called Viking 1 and 2 landed on Mars in 1976 and 
placed a scoop of soil into a tiny chemical laboratory for 
analysis. The results were inconclusive and tantalising. 
There is probably no primitive form of life in the red sands of 
Mars, but we are not sure and will have to go back again and 
re-ask the question." 

We all seem so eager to discover living organisms on 
other planets but if and when we do are we really aware of 
the true implications of such a discovery? 

With so much activity by a variety of countries in the con¬ 
quest of near space it is time to think again on the dangers to 
health when bringing back disused satellites and samples 
from planets. After all, scientists have to admit that they do 
not really know what they are dealing with when it comes to 
the possibility of living organisms in space. The first discov¬ 
ery could be too late. 

MISS J. CRAMPHAM 
London 


Ed. A response to the point raised by Miss Crampham has 
been provided by Dr. William McLaughlin as follows: 

Reader Crampham quite correctly points out the necessity 
for careful treatment of any extraterrestrial samples that 
might be returned to Earth. During the Apollo lunar landing 
programme, extensive precautions were taken to insure 
against the possibility of contamination - recall the proce¬ 
dures for quarantine of returning astronauts. In fact, NASA 
missions are evaluated in detail, prior to launch, with regard 
to all relevant environmental impacts. 

However, the Venus Sample Return that was described in 
the February issue was,asindicatedin the article, a concep¬ 
tual study. In all likelihood the scenario, as described, will 
never be flown. The point of such studies is to present a tab¬ 
leau of ideas that could eventually evolve into a mission plan 
after exposure to the critical judgment of the astronautical 
community. 

Thus, important items such as cost, launch vehicle, launch 
date, and environmental considerations were not treated; 
the state of development of the study would not support any 
meaningful analysis in these areas. And, indeed, no useful 
purpose would be served by evaluating enabling factprs 
prior to the commitment to undertake a mission. 

It is encouraging that the exploration of space is such a 
positive force in the building of a civilisation on Earth. In con¬ 
trast to many organised human activities it is neither banal 
nor pernicious. Nonetheless, Miss Crampham properly 
reminds us that there is a place for caution in protecting our 
fragile niche in the Universe-even as we explore beyond it. 
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COR R KSPON DEN C E 


SET! 

Sir, In Spaceflight. Sept./Oct. 1986, p.353, E.J. Coffey calls the 
"Fermi Paradox" "the central question of SETI". I don't even 
think that Fermi's question: "Where are they?" isaparadox. 
Although many consider interstellar travel to be human 
destiny, we have yet to discover a way to make interstellar 
travel economically feasible. Until we do where is the 
paradox? 

Coffey feels that the answer "lies with the evolutionary 
biologists' objections to SETI, which have been so persis¬ 
tently ignored". The two allegations made in this sentence: 
that evolutionary biologists, as a class, object to SETI and 
that we SETI buffs ignore their objections is not true. All the 
evolutionary biologists I know, and this includes such nota¬ 
bles as David Raup and Steven Jay Gould, are quite happy 
with SETI and with the concept of statistically similar evolu¬ 
tion on similar worlds. 

The grand principle we persistently ignore seems to be 
the rather obvious one that "structure" and "function" are 
not independent or, as the architect Louis Sullivan used to 
say "form follows function". This is often true in living things 
when the function is the control or utilisation of certain phys- * 
icai forces. The similar streamlining of fish, cetaceae, and 
birds is a familiar example. But in other instances we admire 
the diversity of solutions to a common problem. Consider 
the eyes of bees and vertebrates. Or consider two solutions 


to breathing: the leaves of trees and our own lungs. 

Coffey seems to feel that the principle that similar function 
implies similar form is so strong as to apply to intelligence. 
To him, all animal intelligence is different (since their forms 
are) and "Since 'humanoid' intelligence logically implies 
'humanoid' behaviour, one would not expect 'humanoid' 
intelligence to be coupled with an alien body". And, believe 
me, the body will be alien! 

"The extraterrestrials, if they exist, . . will be unlike any¬ 
thing we have ever known: neither flowering plants, verteb¬ 
rates, arthropods, [n]or any other terrestrial group we are 
familiar with .. ". Why is he so sure? I can accept the state¬ 
ment as a possibility but not as a certainty -1 do know that 
much about them. It seems to me that to populate the 10 10 
good earths of the Galaxy in such a way that no two had any 
similar taxonomic groups would be almost impossible. 

Nevertheless, the argument goes: no humanoids, no 
humanoid intelligence and no humanoid intelligence no 
interstellar space flight. Since humanoid intelligence has not 
yet produced interstellar space flight, I find this an illogical 
and unconvincing argument. Why cannot an octopus, who 
today can learn without instruction how to open a screw top 
jar, have descendants that fly spacecraft? 

BERNARD M. OLIVER 
Chief, SETI Program Office 
NASA 



Hotol Simulation 


Sir, I would like to congratulate you for making Spaceflight 
such a superb (and my favourite) magazine. I am in my third 
year of Physics at the Uni^rsity of Leuven and I have access 
to the University's main IBM computer. The picture on page 
6 of the January 1987 issue showing a Hotol simulation 
stimulated me to generate a number of simulations myself. 
One of them is almost exactly the same as the one shown on 
the programmer's terminal and I enclose a copy. On the 
screen the effect is better, with more colour and straight lines 
that are really straight. The reason for this is that we have to 
use a printer instead of a plotter which has "only" four col¬ 
ours and problems arise when it has to join two coloured sur¬ 
faces. 


KRISTIAAN TEMST 
Meerbeok, Belgium 


SPACEFLIGHT, Vol. 29, April 1987 


171 

(163) 








COR R F.SPON DF.NCF, 


Soviet Space Programme 

Sir, Several points have been raised recently by correspon¬ 
dents on different aspects of the Soviet space programme 
(Spaceflight, March 1987, pp.92-93). While I cannot'neces- 
sarily provide the answers, I can add one or two snippets of 
information which might help. 

First, on the subject of the launch times of Soyuz 4 and 
Soyuz 5, it is true that supposedly "incorrect" times were 
published in 1969. As Phillip Clark points out, orbital injection 
was quoted rather than launch, the two events being sepa¬ 
rated by about 9.5 minutes. The discrepancy was noted soon 
after the event, but I am not awace of anyone specifically 
pointing it out in print at the time. 

A 1984 report to the US Senate, "Soviet Space Programs: 
1976-80", lists, in tables on pages 657 and 662, precise times 
of both launches and landings, and uses a Soviet booklet 
published in 1982 as a source for mission durations. Apart 
from the confusion over launch and injection times, the 1969 
errors (if they merit that strong a description) amount to no 
more than minor timekeeping inaccuracies, and can be attri¬ 
buted in part to rounding up or down to the nearest minute. 
Interestingly, a footnote to one of the Senate report tables 
points out that variations can be found in times relating to 
American manned space missions, brought about by pub¬ 
lished figures emanating from different NASA offices! 

For information, here are the Soyuz 4 and 5 mission 
events (in GMT) as contained in the Senate report. As far as I 
can tell, the launch and landing times are borne out by 
NORAD's orbital data. In all cases, times appearto have been 
rounded down to the nearest minute: 

Launch Landing Mission Duration 

Soyuz 4 14 Jan,0730 17Jan,0651 2d23h21m 

Soyuz5 15Jan,0704 18Jan,0758 3d 0h54m 

A parallel occurred later in 1969, when the mission start 
time given for Soyuz 8 failed to fit in with those of Soyuz 6 
and 7, its companions. The wording of the official TASS news 
release gave a hint when it said "... put into orbit...", imply¬ 
ing orbital injection rather than launch. I also have a copy of 
a launch announcement, in English, for Soyuz 4 which con¬ 
tains the phrase "... launched ... into orbitpossibly a mild 
mis-translation of the original Russian. The Soyuz 8 discre¬ 
pancy was documented in 1970 when we published, from 
Kettering, our log of Soyuz 6/7/8 radio observations. We 
pointed out, and explained, the apparent anomaly in the 
Soyuz 8 time. 

To change the subject and pick up David Anderman's 
( Spaceflight , January 1987, p. 16) and Saunders Kramer's 
(Spacefl/ghf,. March 1987, p.92) discussion about the Meteor 
satellites' launch vehicles, the "Two Line Orbital Elements" 
provide a useful clue. 

In 1984/5, the prog ramme changed from using orbits near 
81 degrees inclination to orbits at 82.5 degrees. Information 
derived from the Twolines indicates a corresponding change 
in launch technique from a direct ascent trajectory to the use 
of an elliptical transfer orbit. It has a perigee around 100 
kilometres, and the upper stage rocket fires at first apdgee to 
circularise at the operational height. If, as Saunders Kramer 
surmises, the F-2 (or any other new launch vehicle) is the cur¬ 
rent launcher, then it probably took over from the A-vehicle 
at that time. Originally, use of the A-1 was dictated by it being 
the smallest rocket with sufficient lifting capacity atthetime 
the Meteor programme was conceived. 

Glushko's rocket mass total up to 1980 is consistent with 
the eight low orbit Meteors having used the 1.4 tonne Vostok 
stage, and the 28 high orbit and retrograde Meteors the 2.3 
tonne Soyuz version (total -75.6 tonnes against his 75.3 ton¬ 
nes). The 1984 figure makes sense if Glushko revised his for¬ 
mula on the basis of the four satellites in retrograde orbit 
being A-1 (Vostok) launched. Using 1.4 tonnes (12 missions) 
and 2.3 tonnes (30 missions), we arrive at 85.8 tonnes. 


Glushko gives 84.2 tonnes, but the launch record includes 
two supposed F-2 upper stages. Iftheyweigh in ataround 1.5 
tonnes each, then the remaining difference is explained. 

As to the relative orbit heights reached by the satellite and 
its final rocket stage, differences will presumably occur due 
to venting (as explained by Mr Kramer), and the separation 
mechanism employed for a particular satellite type. Varia¬ 
tions then become specific to the satellite and cannot be 
taken as a reliable guide to the kind of rocket stage involved. 

ROBERT CHRISTY 
Lincoln, England 


Launch Times 

Sir, Phillip Clark's calculations for the launch timesof Soyuz 
4 and 5 in 1969 (Spaceflight, March 1987, p.93) are supported 
by at least one Soviet source [1]. This book gives a Soyuz 4 
launch time of 1030 MT on January 14. This is 0730 GMT and 
agrees with Mr. Clark's calculation of 0729 (plus or minus a 
minute). 

The Soyuz5 launch time is given as 1005 MT (0705 GMT). 
This is exactly the same as Mr. Clark's prediction. Interest¬ 
ingly the Soviet book also provides the time Soyuz 5 entered 
orbit-0714 GMT. This confirms the theory that earlier Soviet 
announcements gave the orbital injection time rather than 
launch. 

Mission durations then become: 

Soyuz 4: 2 days 23 hours 23 minutes. 

Soyuz 5: 3 days 0 hours 55 minutes. 

The same confusion seems to exist in the cases of at least 
two other Soviet flights. 

Soyuz 8 is usually quoted as bemg launched at 1029 GMT 
on October 13, 1969 with a flight time of 4 days 22 hours41 
minutes.The reference Soviet book gives a launch time of 
1019 GMT with the orbital insertion actually occurring at 
1029 GMT. The flight time is then 4 days 22 hours and 51 
minutes, ten minutes longer than previously quoted. This 
flight duration has been quoted in other sources recently but 
I have not seen the launch time of 1019 GMT published 
elsewhere. 

I am not aware of a launch time being quoted anywhere 
for Soyuz 14 in 1974. The Soviets have quoted an orbital 
insertion time of 1851 GMT which means a launch at about 
1842 GMT, and mission duration of about 15 days 17 hours 
and 39 minutes instead of the usually quoted 15 days 17 
hours 30 minutes. 

ALAN LAWRIE 
Hitchin, Herts 

Reference 

1 Sons of the Blue Planet. Lebedev. Lukyanov, Romanov, 1971 (translation 1973) 


British Involvement 

Sir, With reference to your article on the Comet Rendezvous 
and Asteroid Flyby mission (Spaceflight, February 1987, 
p.81) there will be some British involvement in the mission. 

The Mullard Space Science Laboratory (MSSL) of Univer¬ 
sity College-London will be involved in the design and man¬ 
ufacturing stageofthePlasmaAnalyzerbeing builtbySouth- 
west Research Institute. The Space Plasma Physics group 
under Dr. A.D. Johnstone, who is a co-investigator, will also 
participate in the data analysis. 

Dr. MARK SMITH 
Mullard Space Science Laboratory 
University College London 
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CORRESPONDENCE 


Crew Escape System: Proposal OK'd 

Sir, J.S. Anderson, Spaceflight, February 1987, invites com¬ 
ments on his suggestion to fit small solid rocket boosters to 
the wings of the Shuttle Orbiter to give the craft sufficient 
"pull" to escape the External Tank assembly in event of 
launch malfunction. 

One's first reaction to such revolutionary proposals is to 
examine all aspects and pick as many technological holes in 
it as can be found, with (human nature being what it is) a 
measure of poorly concealed condescension. 

However, the more I examine this particular notion, the 
more difficult it is to come up with any technical objection 
which carries real stopping-power. On close examination, all 
the major stumbling blocks that initially spring to mind fade 
to relatively minor points, all of which appear to be sur¬ 
mountable. 

For instance: sufficient vertical pull to lift the orbiter 
rapidly from the external tank would, if applied from wing 
rockets, tear the wings off: but; most of the thrust, it turns 
out, would tend to be horizontal, not vertical, allowing the 
orbiter to "loop" upside-down and plummet into a glidepath. 
Then: the extra weight of such wing rockets would reduce 
the available payload weight: but; the rockets would be 
ejected around SRB separation and prior to this point launch 
mass is not quite so critical, especially when weighed against 
safety factors. And so on. 

In short, every argument I can conjure up against this idea 
can be reduced to the level of a (comparatively) petty altera¬ 
tion or adjustment. Although I suppose it is unlikely,to be 
adopted, it would on the face of it appear to be a plausible 
suggestion, and I take my hat off to it. Could anyone take it 
further? 

P.W. MILLS 
Chatham, Kent 

European Hotol Funding 

Sir, Having read the latest details published on Hotol 
( Spaceflight , Jan. 87, p.4), one cannot but admire the con¬ 
cept and the ingenious RB 545 engine. 

If Europe does not fund the Hotol project as soon as possi¬ 
ble, it could lose ground against ambitious projects on air 
breathing engines being undertaken bythe US and probably 
the USSR for space launchers to be used afterthe year 2000. 

M.Q. HASSAN 
Baghdad, Iraq 


Mir Orbital Manoeuvres 

Sir, Now that permanent manning of the Soviet Mir space 
station is underway and additional modules are due to be 
attached, one puzzling question springs to mind. Once the 
large astrophysics module is attached to one of the four 
radial docking ports, the centre of mass of the Mir complex 
will be shifted away from the axis. Thus, in order to carry out 
orbital manoeuvres (e.g. orbit raising which will eventually 
become necessary), the Mir or Progress engines must be 
gimballed so that their thrust vector passes through the 
centre of mass in order to avoid inducing unwanted rota¬ 
tions. 

Are the Soviet craft capable of gimballing their engines, 
and if not, how will manoeuvres be executed without using 
huge quantities of attitude control propellant? The simple 
answer might be-to attach another large module on the 
opposite docking port-perhaps expansion of the Mir station 
will be more rapid that we have so far thought. 

RALPH LORENZ 
Solihull, West Midlands 
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Crew Escape System: Proposal KO'd 

Sir, I write in response to J.S. Anderson's letter published in 
Spaceflight, February 1987, concerning wing mounted roc¬ 
ket pods to be used to blast the orbiter clear of the rest of the 
stack in the case of emergency during the first phase of the 
launch. 

I think the main shortfall in this suggestion is that there is 
a good chance that the orbiter would be over-stressed during 
this manoeuvre both aerodynamically and by the decelera¬ 
tion effect caused by the sudden separation from the solid 
rocket boosters (SRB) combined 5.8 million pound thrust. 
This would surely cause break-up of the vehicle in much the 
same way as 51L. The payload bay would probably be 
thrown into chaos with structural breakages similar to those 
expected if an orbiter ditched (i.e. failure of the payload 
retention brackets etc.) causing the payload to shoot forward 
into the crew compartment. 

Unfortunately, I think that the first phase of an STS mis¬ 
sion is always going to have a high element of risk and safety 
can only be improved, really, by increased SRB reliability 

M.D. KINGSLEY-JONES 
Maidenhead, Berks 


Space Station Backing 

Sir, After watching a "Newsnight" piece on the delay of 
Britain's contribution to.the European section of the new 
space station project, I was sufficiently moved to write to the 
Minister responsible - Mr. Geoffrey Pattie - to remind him 
of the benefits to be gained from Britain's participation in this 
project. I hope thatthis may have at least a minimal effect on 
future decisions. 

P.W. DAVEY 
Dorset 


Spacelab Demise 

Sir, With publication of the new NASA Space Shuttle flight 
manifest ( Spaceflight, November 1986, p.378), the demise of 
the European Spacelab programme has been demonstrated, 
yet there seems to have been little or no reaction from the 
space community or in the media. 

It is true that all of the Spacelab missions using the Long 
Module that had flight assignments before the Challenger 
accident have been retained on the new manifest, but where 
are the new starts and missions just in the planning stage 
when the programme ground to a halt? 

After 1991 there is not a single Spacelab mission listed in 
the flight requirements section of the new manifest and only 
a precious few Spacelab-type missions using pallet combi¬ 
nations are in evidence. Will new starts appear in the middle 
of the decade, or has Spacelab been effectively written off, 
rendered redundant by the coming of the Columbus facility 
on the (troubled) Space Station project? 

To me space science investigations have always been 
among the most interesting missions of the Space Shuttle 
and it saddens me to see the apparent demise of space sci¬ 
ence as a priority in the Space Shuttle programme. 

JOEL POWELL 
Calgary, Canada 


Spacelab is featured overleaf where we highlight the chang¬ 
ing fortunes of Spacelab experimenters, brought about by 
the Challenger accident, and also report on recently released 
results obtained from the Spacelab 1 mission in 1983. 
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SPACELAB 

Before and After Challenger 

Spacelab was funded, developed and built by the 
European Space Agency (ESA) as part of a joint under¬ 
taking with the National Aeronautics and Space 
Administration (NASA). Its construction involved 50 
industrial firms in ten European countries and was a 
major undertaking for the European space commun¬ 
ity. Operationally, Spacelab was intended to realise 
the dream of space scientists - to be able to go into 
space like astronauts and perform research that can¬ 
not be done on Earth. 

Spacelab sits in the cargo bay of the Space Shuttle 
Orbiter and on reaching orbit it is exposed to space by¬ 
opening the cargo bay doors. Its capabilities are those 
of an orbiting research centre. A pressurised laborat¬ 
ory contains computers, work benches and instrument 
racks for experiments, while outside platforms (pal¬ 
lets) carry telescopes, antennas and sensors for direct 
exposure to space. 

Working in a shirt sleeve environment, Spacelab sci¬ 
entists can handle equipment, react to unexpected 
experimental conditions and make changes of plans in 
collaboration with investigators on the ground. The 
mission ends with the equipment being returned to 
Earth, where it can be refurbished for use on later 
flights. 

Spacelab 1 mission was undertaken in November 
1983 and that of Spacelab 2 in July 1985. Spacelab was 
also adopted as a major tool of the German sptjce 
programme and the first German Spacelab D1 was 
flown in October 1985. All three flights were highly suc¬ 
cessful. 

Then came the Challenger accident on January 28, 
1986 and the postponement of further Shuttle flights. 
The opportunity to frequently refly Spacelab instru¬ 
ments disappeared overnight and with it the potential 
of Spacelab as a research tool. When Shuttle flights 
resume, several years will be required to clear the 
backlog of delayed flights during which only new 
payloads of high priority will be scheduled. For 
Spacelab there is no prospect of flights being 
scheduled at anything like the rate that investigators 
would need. Over $1 billion worth of Spacelab equip¬ 
ment and instrumentation will be underused over the 
next ten years. 

The situation is summarised by the following 
extract taken from 'Recommendations of SESAC on 
ensuring the near-term vitality of the Space and Earth 
Science Program'. This document was distributed in 
September 1986. SESAC is the Space and Earth Sci¬ 
ence Committee ofthe NASA Advisory Council (NAC): 

"The Challenger accident also has raised significanUnear- 


Scientists and members of the ground support team monitor a Spacelab mis¬ 
sion from consoles in the Payload Operations Control Center at the Johnson 
Space Center in Houston. 
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and long-term questions concerning the viability and future 
direction of Shuttle/Spacelab and other attached payload 
programmes. Prior to January28, 1986 there were firm plans 
for a major increase in these activities and the scientific com¬ 
munity was looking forward to the increased opportunity for 
flight experiments which the Shuttle was going to provide. 
Now it appears that many of those opportunities will not be 
realised. 

“Under the circumstances SESAC recommends that 
OSSA (Office of Space Science and Applications) carry out a 
thorough re-examination of its plans for the development 
and flight of Shuttle-based scientific instruments with a view 
towards realistically matching its planning with likely flight 
opportunities. The situation is serious and SESAC recog¬ 
nises, with great regret, that as a consequence of such an 
examination it may become necessary to substantially alter 
previous plans for such flight investigations. Resources 
made available from possible programme changes should 
be used to augment other areas of the space and Earth sci¬ 
ence research programme in an attempt to mitigate the 
effects of the Challenger disaster on the NASA scientific 
programme ." 

Some 120-140 scientific and technical personnel 
were involved in Spacelab 2 work and, without a fol¬ 
low-on programme for another five to ten years ahead, 
the research groups involved face a run-down with the 
inevitable dispersal of personnel. 

The German space programme is also seriously 
affected. Following the German Spacelab D1 mission, 
a further three missions at roughly two-yearly intervals 
were planned before the launch of the international 
Space Station. On NASA's present schedule, the next 
mission, Spacelab D2, is to be in late 1991. 
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Spacelab 1: Trace 
Atmospheric Gases 


Spacelab 1 carried experiments for over 70 inves¬ 
tigators. Among these was the 'Grille Spectrometer' 
of M. Ackerman, Belgium and A. Girard, France, which 
gave original results on the composition of the atmos¬ 
phere. Vertical profiles of trace gases such as H 2 0, CH 4 , 
N 2 0, NO, N0 2 , CO, C0 2 , were obtained for the first 
time between heights of 30 and 130 km. 

The measuring technique is that of infrared spectroscopy 
to examine the atmosphere along the Earth's horizon or 
limb. The different gases are identified by their characteristic 
spectral signatures. 

The equipment was prepared and installed on Spacelab 
by ONERA (Office National 'Etudes et de Recherches Aeros- 
patiales). The operation followed similar experiments con¬ 
ducted by ONERA in 1973 with the same type of instrument 
on stratospheric balloons and aircraft, including the pro¬ 
type Concorde. 


The 1973 measurements were limited to heights up to 35 
km as shown by the red triangle on the diagram (lower left). 
Repeat experiments in 1983 included at least ten new gases, 
including NO and N0 2 , as shown by the green rectangle. 
Finally, the observations of the Franco-Belgium experiment 
on Spacelab 1 in 1983 were analysed and results up to 130 km 
for CO and C0 2 were published in 1986 (the blue rectangle). 


Spacelab in the cargo bay of the Space Shuttle Orbiter showing the exposed 
instrument pallets and the pressurised laboratory module, which is connected 
to the orbiter's crew compartment by the crew access tunnel. The tunnel is the 
only major piece of Spacelab hardware made in the United States. 




Payload scientist Ulf Merbold 
at woric during the Spacelab 1 
mission. 
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High resolution images of the Earth's surface are now commercially available from the Spot 1 remote sensing satellite. Our cover 
depicts this satellite in its nearly circular orbit at a height of 850 km from which it provides a ground resolution of 10m (p.182). 


r A Chinese Long March 2 rocket is prepared for launch at the Shuang Cheng Xi launch site. 
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DCAf*CCAT -Motoring 

iCMvLvM I for Peace 


by Arthur C. Clarke 

Four decades ago, during the closing months of the Second World War, 
two events occurred which completely changed the nature of warfare and, 
therefore, the course of history. The first was the advent of the V2 rocket, 
which gave mankind access to the new environment of space. The second 
was the dropping of the Atomic Bomb - the awful power of which, in only 
eight years was to be multiplied a thousand times. Within little more than 
a decade, the human race acquired .weapons of infinite range and infinite 
destructiveness. In such a totally new situation, much of the wisdom of the 
past became folly. 



Arttujr C Clarke 


But could one, as President Reagan 
wistfully hoped in his famous "Star 
Wars" speech of March 23, 1983 make 
these frightful weapons 'impotent? 
The name 'Star Wars' has distorted the 
Strategic Defense Initiative's public 
image. In particular, it has focussed 
attention on orbiting fortresses using 
laser beams to zap ICBM's as they rise 
out of their silos - or, if they miss the 
first time, catching the warheads 
before they can re-enter the atmos¬ 
phere. 

I don't think many nations would be 
too happy to have such a threat pas¬ 
sing overhead every few hours. So it 
seems rather unlikely that even a 
superpower would be allowed to build 
orbital fortresses - because by thetime 
they became feasible, any indus- 
tralised nation could prevent their con¬ 
struction by anti-satellite missiles 
(ASATS), shrapnel and 'space-mines'. 
And, not least, by lasers on the ground, 
which would have none of the power 
and weight limitations of those hoisted 
into space. Any orbiting Maginot Line 
could be destroyed for a minute frac¬ 
tion of its cost. 

The extreme vulnerability of space- 
based systems has been underlined by 
one of their most prestigious critics. Dr. 
Edward Teller: 

I 

“To destroy satellites in space is 
the least difficult military applica¬ 
tion of lasers. This is an important 
reason why pre-deployed battle sta¬ 
tions in space are not apt to sur¬ 
vive...The deployed defense can be 
attacked over many months, even 
years." 

It should also be pointed out that it 
will be decades before such stations - 
and indeed many of the more elabo¬ 
rate "Star War" systems, would be 
practicable. Even if we could build 
them now, the vehicles to carry them 
into space do not yet exist. It would 
take dozens - perhaps hundreds - of 
Shuttle flights to assemble a fair-sized 
'space fortress'. Even befoie the Chal¬ 
lenger disaster, it was realised that - 
despite all the brave claims to the con¬ 
trary - the Space Shuttle was 


This article is an abridgement of the Nehru Memorial 
Address entitled ‘Star Wars and Star Peace', presented in 
New Delhi, India on November 13, 1986. 


hopelessly uneconomic. Both the effi¬ 
ciency and the reliability of launch sys¬ 
tems will have to be increased by at 
least one order of magnitude before 
really large payloads can be placed in 
orbit. 

This single factor makes many of 
today's space-war scenarius com¬ 
pletely academic. If it survives long 
enough to build the efficient, reusable 
vehicles which alone would mate 
space-fortresses possible, humanity 
will be too civilised to need them. 


“The reward might be nothng 
less than the salvation of man¬ 
kind.“ 


The real problem is not military 
hardware, but human software - 
though the right kind of hardware can 
certainly help. A stable p>eace will 
never be possible without mutual 
trust; without that, all agreements and 
treaties are worse than useless, 
because they obscure the real issues. 
The only road to lasting Peace is 
through Truth. 

A classic example of this is the 
infamous 'missile gap' debate which 
dominated the.Kennedy-Nixon cam¬ 
paign of 1960. After the initial shock of 
Sputnik, which oprened the Space Age 
in October 1957, there was a tendwicy 
in the United States to exaggerate all 
Russian accomplishments in this area. 
Propagandists ably assisted by the US 
military-industrial complex daimed 
that the USSR was far in advance in the 
deployment of ICBM's - so the United 
States must start a crash programme 
to overcome this 'enormous' lead. 

Satellite Reconnaisance 

Well, the missile gap was a total illu¬ 
sion, destroyed when the new Ameri¬ 
can reconnaissance satellites revealed 
the truth about Soviet rocket deploy¬ 
ment. President Johnson later 
remarked that reconnaissance satel¬ 
lites had saved the United States many 
times the entire cost of the space prog¬ 
ramme by making it unnecessary to 
build the counterforce originally plan¬ 
ned. I would like to quote his exact 
words, which should be inscribed in 


letters of gold above the doors of the 
Pentagon - and the Kremlin: 

"We were doing things we didn't 
need to do. we were building things 
we cSdn't need to build; we were 
harbaamg fears we (fdn't need to 
harbour. * (my enphtel 

You wA not be axpited to learn 
thte the USSR rested with great indig- 
ntei to the exis tence of American 
'spy iXetei ’ ttuteg into its secrets. 
teduL in 1962 it propo se d to the 

United - that teey be banned. 

Thete pr otes t s ark fa fy stopped 
when its own reconnaissance satellites 
Parted artetg teat very same year, 
and now bote sates rangtte their 
value as stebtesang They make 

merrtsas we do harass teaJused by 
the forneda jfwa) i used atei refer¬ 
ring to them: "National technical 
means of i i-iife —■»" (NTfefL 

Aftfwugh none of tee IN^i-quality 
image made by te^tetfTWs has ever 
been r eleased , you cant classify the 

laws of cptas and (tevqpte^ty is now 

a rather wed-estatteshed art; so we 
knm* exa aty ate r ec o n na i s sance 
stellite can do. ki dayfc^t. wider 
good corekrions. they can show indi¬ 
vidual Mi kk ei and the weapons they 
are c»ryrng. Akhn^i they can be 
frugieted by cloud and darkness, 
radar-equipped ntc l iki nor exist 
that can oyeutte even these imita¬ 
tions. 

So it is probably true to say that no 
large scale military preparations or 
activities can ever again esope sur¬ 
veillance — at least by nations with 
NTM's. At present this means the 
United States and the Soviet Union. 

In 1978 the Government of France 
made a dramatic suggestion. It might 
be a good idea. President Giscard d'Es- 
taing suggested, if there was an Inter¬ 
national body doing for the whole 
world what the Americans and Rus¬ 
sians were selfishly doing for them¬ 
selves. Such an International Monitor¬ 
ing Satellite Agency would verify arms 
control agreements, check border vio¬ 
lations, and defuse crisis situations, by 
acting as a watchdog for the world. 

Establishing what I like to call 
"PEACESATS" would present major 
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•o-ic i«e you to consider the fol- 
c ^i 4 saerar-o which has a great 
T'ac it could be realised not 
vn Mimr the co-operation of the 
T> a_eai yyt but even in the teeth of 




■*r * 3 .ycec Spot with a resolution 
;r b> ane metre (compared with 
• s 10 metres - and the 0.1 

zr a reconnaissance satellite 
bvoc' 3 !>€ conditions) is 
-ec by a consortium of non- 
aigrer sxj-rrSes. which makes its 
ita acre to everyone (proba- 
av p-t -oc necssarily, through the 
Wes forms of military secrecy 
nuc re" become impossible, and 
-im ^ and cheating could be 

sc-jinsec by the whole world. And 
there would be many clan- 
aarvtes that the PEACESAT 
not detect, its psychological 
I be enormous. 

~Tie — sponsoring and build¬ 
ing ^A£XSA T might be Japan (the 
ar space power - not to 
oniy target for nuclear 
Gvtada (already planning a 
*>ancEd survey satellite); 
w*th its high technology and 
to peace. They could go it 
if they wished, but moral and 
I support should be forthcom- 
many non-aligned nations, 
toe fanatically neutral Swiss 
mM^abeinducedtojoin such a project. 
We would enter what has been aptly 
'Age of Transparency'. Like 
pie, many nations would not 
Oe to Sve in glass houses. They may 
not reafae the extent to which they are 
Ana l| f doing this. Quite apart from the 
US. USSR - and Chinese - satellite 
operators with their rather restricted 
clien te le. Spot is up there right now, 
damg out beautiful images of all 
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for anyone who 
> pay a dote a square kilometre for 
n». As the Age of Transparency 
■a jxXfabcal and military wisdom 
• r cooperating with the inevita- 


: ytxfd (ike to end with some words 
' aas privileged to deliver in October 
T9B4. at the space symposium 
arranged by the Pontifical Academy of 
Science. The meeting brought 
together experts on science, communi¬ 
cations and weaponry. A few hundred 
m^res from Michaelangelo's Creation 
of Adam, we were discussing how his 
descendants might save - or destroy - 
themselves: 


During the last decade, some¬ 
thing new has come into the 
world. Two dimensional com¬ 
munications networks are replac¬ 
ing vertical chains of command, in 
which orders moved downwards 
and only acknowledgements went 
upwards. We are witnessing the- 
rise of the Global Family - or Tribe, 
if you like. Its electronically-linked 
members will be scattered across 
the face of the planet, and its loyal¬ 
ties and interests will transcend all 
the ancient frontiers. 


Overleaf: An example of detail recorded by the 
Spot 1 satellite. 

Those frontiers which are so con¬ 
spicuously absent in the photographs 
from space: those frontiers which to 
call 'sacred' in the age of thermo-nuc¬ 
lear weapons is no longer patriotism — 
but blasphemy. 

It has been wisely said that the State 
has now become too big for men - but 
too small for Mankind. Is the present 
proliferation of nations - over 150 at 
the moment! - a planetary cancer, or 
an evolution towards a healthier world, 
in which political structures will be 
built on a more human scale? 

And to continue the analogy from 
evolution, let us remember something 
that happened on this planet once 
before. There was a time when it was 
dominated by monsters who tried to 
protect themselves by ever more cum¬ 
bersome armour, until they were walk¬ 
ing fortresses. They never noticed, as 
they blundered through forest and 
swamp, the little creatures that skipped 
out of their way: the first mammals - 
our ancestors. 

Intelligence, not armour, was to 
inherit the Earth. May it do so once 
again. 



The Spot 1 satellite was launched on February 22,1986. Work is now continuing on Spot 2 due for launch 
in 1988. Matra 
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INTERNATIONAL 
SPACE REPORT 

A rromShr review of space news and events 


Queensland Spaceport for Australia 

The Cape York Peninsula of Queensland, Australia has been proposed 
as the site of an International Spaceport for the21st century. A report pre¬ 
pared after five months of feasibility study by representatives of Austra- 
Kan space technology identifies significant advantages for Cape York over 
most existing launch sites and concludes that present forecasts of traffic 
into space show that a potential segment of the commercial market could 
be captured. 


The proposed site is at a latitude of 
about 12 degrees South and offers 
attractive meteorological conditions 
and access to the most important'com¬ 
mercial orbits. The region also has the 
advantage of proximity to existing air 
and seaport facilities at the modern 
mining town of Weipa. 

Two launch sectors have been prop¬ 
osed The first is to the east and south¬ 
east over water and could service 
launches to equatorial orbits and tothe 
US and Soviet Space Stations. The sec¬ 
ond is to the south-west over both 
water (the Gulf of Carpentaria) and 
land (Central Australia) and could ser¬ 
vice launches into polar orbits, includ¬ 
ing Sun-synchronous orbits. 

The report is entitled "Cape York 
International Spaceport" and con¬ 


cludes Part I of a A$93,000 feasibility 
study. In receiving the report from Mr. 
Walter Stamm, President of the Insti¬ 
tute of Engineers' National Committee 
on Space Engineering, the Premier and 
Treasurer of Queensland, Sir Joh 
Bjelke-Petersen, said that it was a 
promising start to an ambitious project 
which is attractive not only to private 
companies but of interest to other 
national governments. 

Sir Joh said: "We will now be 
embarking on the next step by initiat¬ 
ing the second phase of the study to 
determine the viability of the project." 

He added that the State Cabinet had 
approved A$300,000for further studies 
and the marketing of the project to 
interested consortia on an interna¬ 
tional basis. 


Commercial Experiments 

To Fly On Space Shuttle 


3M and the National Aeronautics 
and Space Administration (NASA) 
have signed a 10-year agreement cov¬ 
ering the company's commercial use 
of space. 

The agreement will give 3M the 
opportunity to investigate relatively 
unexplored areas of microgravity 


research in Earth orbit, including mate¬ 
rials processing in space experiments 
in the area of organic and polymer sci¬ 
ence, areas in which 3M specialises 
and has major interests. 

The schedule of experiments 
includes two each per year in the Shut¬ 
tle Orbiter middeck during the agree- 


World Watch From Space ^ 

On the left is an image acquired by the Spot satellite while passing over 
Toulouse. France at an altitude of822 km (511 miles) on March 5, 1986. The scene 
is in false colour at a scale of 1:100.000 with a 'zoom ' inset in black and white at a 
scale of 1:25,000. 

The colour image represents an area 30 x 20 km 2 with a ground resolution of 
approximately 20 m. Vegetation appears in a reddish colour, built-up areas in pale 
blue and water in deep blue. Trees, which are still bare, appear a darkcolour. At the 
top left-hand corner Blagnac airport is clearly visible and in the middle of the pic¬ 
ture La Cepiere racecourse and the grass of the stadium are shown in red. 

The black and white image has a resolution of 10 m and is focussed on the 
MATRA ESPACE plant where the MATRA emblem, consisting of an arrowhead 
within a circle, is clearly visible. On the left of this inset the runway of the small 
Montaudran airport is visible. MATRA 

World Watch From Space continued on p. 191 - Ozone Depletion. 


Japan Begins 
Robot Arm Design 

The National Space Develop¬ 
ment Agency of Japan (NASDA) is 
carrying out preliminary design 
work on the Japanese Experiment 
Module (JEM) for the interna¬ 
tional Space Station. The JEM's 
module remote manipulator sys¬ 
tem (JEMRMS) is one of JEM's 
subsystems and its main purpose 
is to handle the experimental 
equipment to be mounted on the 
JEM and the parts and equipment 
making up the JEM. 

The JEMRMS consists of a mas¬ 
ter arm that handles large, heavy 
objects (up to seven tons), includ¬ 
ing the experimental logistic mod¬ 
ule (ELM), exposed facility (EF) 
and experiment payload, and a 
slave arm that handles considera¬ 
bly smaller and lighter objects (up 
to 700 kg), including experimental 
materials and samples, and orbital 
replacement units (ORU). The 
master arm is to be fitted at the 
base of the external section of the 
end cone of the pressurised mod¬ 
ule (PM). The JEMRMS is remotely 
controlled by a member of the 
crew inside the PM. 


ment's 10-year span, two each peryear 
in the Shuttle Orbiter cargo bay during 
years one to three, and six each per 
year in the Shuttle Orbiter cargo bay 
during years four to nine. 

Negotiations leading to the agree¬ 
ment began shortly after 3M scientists 
watched the first of three 3M space 
experiments go into orbit aboard 
Space Shuttle Discovery in November 
1984. Their other two experiments 
were on Space Shuttle Atlantis in 
August 1985 and Discovery again in 
November 1985. 

These first space-research efforts 
included two organic-crystal-growth 
experiments called Diffusive Mixing of 
Organic Solutions (DMOS-1 and 
DMOS-2) and one experimenttocreate 
thin films with ordered organic struc¬ 
tures, which was called Physical Vapor 
Transport of Organic Solids (PVTOS- 
1 ). 

The 3M experiments are considered 
secondary payloads because of their 
relatively small size and NASA has yet 
to announce a schedule for this type of 
payload. 
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Mir Dockin 

Mir 's six docking ports are to 
play a key role in the planned 
build-up of the space station com¬ 
plex but many unknowns sur¬ 
round the intended docking prog¬ 
ramme and the station's final con¬ 
figuration. 

In this special report for Space- 
flight. Lucien van den Abeelen 
looks at some of the currently 
available information on Mir and 
the questions that it raises regard¬ 
ing forthcoming Mir dockings and 

OperatiOfB. 

>^xh a«al Arm 

The mechanical arm to be used dur¬ 
ing docking procedures with the Soviet 
Mir station 'the Lfappa system, as it is 
called) employs a short arm attached 
to the module's docking assembly [1 ]. 

Using only one jcnnt. it is not as sophis¬ 
ticated as the Canadarm used on the 
Shuttle arc could more appropriately 
be called an anchor. 

A module wilt always dock at the 
forward docking port of Mir's ball¬ 


shaped multiple docking assembly, the 
one also used by Soyuz-TM (Sketch 1). 


Astrophyics Module Extends Mir 

The Soviet astrophysics module launched by a Proton rocket from the 
Tyuratam space centre on March 31 docked with the rear port of the Mir 
Space Station at 04.36 Moscow Time on April 9. 


The arm then swings round its attach¬ 
ment point and locks on to the docking 
socket located on the assembly (Sketch 
21. For proper alignment of arm and 
socket, a three 'petal' structure is used, 
similar in dsign to the androgenous 
docking system developed under the 


This was the second attempt to dock automatically the 
20.6 ton spacecraft, the first having been aborted on April 5 
due to technical problems. Initial reports on April 9 indicated 
there were still difficulties, however, and that the two vehi¬ 
cles were not fully linked. 

After completion of docking operations the service pod 
and space tug were due to be jettisoned, leaving the 11 ton 
module, which is 5.8 m long with a maximum diameter of 
4.15 m, attached to Mir. 

The module, called Kvant (quantum), is in three sections- 
the laboratory bay, transfer compartment and the scientific 
payload bay. The first of these forms air tight quarters of 
some 40 m 3 capacity. The scientific payload bay is not her¬ 
metically sealed. 

The laboratory bay accommodates the main research 
equipment which is mounted in an "instrument section" and 
separated from the actual dwelling compartment by "de¬ 
corative panels". Also housed here are a number of control 
systems. 

The bay has two view ports, one 43 cm in diameter for an 
"optical device" and the other 22.8 cm for a visual star 
tracker. There are two further 8 cm port holes and an airlock 
chamber for servicing the ultraviolet telescope in the trans¬ 
port compartment. 

Equipment includes: Pulsar XI hard X-ray spectrometer, 
Fosvich high energy scintilation spectrometer. Siren 2 prop¬ 
ortional gas scintilation spectrometer, Glasar telescope and 
Svetlana automated electrophoresis plant. 
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gs and Operations 


Apollo-Soyuz Test Project. Once the 
arm is secured, the docking probe of 
the module is retracted and the entire 
module is raised slightly (Sketch 3). It is 
then free to swing round the socket on 
Mir and can re-dock on one of the side- 
ports (Sketch 4). 

The three-petal structure is not visi¬ 
ble on Mir in pictures of mock-ups or in 
pre-launch or in-orbit pictures. It is pos¬ 
sible a space-walk by Laveikin and 
Romanenko is required before a mod¬ 
ule can dock. 

Some questions remain about the 
final configuration and operation of 
Mir. In Soviet drawings [2], four mod¬ 
ules are shown docked to the side- 
ports of Mir. They are large modules, 
without secondary docking ports of 
their own. When four of these modules 
are docked, and there is a Progress at 
the aft port, one port remains free for a 
Soyuz-TM craft. How, then, do the 
Soviets intend to get six cosmonauts 
on board as this has been stated as the 



The Ljappa system: (1) The end of the mechanical 
arm about to engage the three-petal socket on 
Mir; (2) View of the underside of the end of the 
mechanical arm (1J. 


capacity of Mir? 

A second question is concerned 
with orbit decay. Is the current Prog- 
ressfreighter capable of boosting a 120 
ton complex into a higher orbit, as 
done before with Salyut and Mir? Is a 
more powerful Progress version under 
development? 

In the Soviet drawing, there are no 
Cosmos 1669-type modules visible. 
What will its role be in the Mir prog¬ 
ramme if any? Or is it the successor to 
Progress? 

The accuracy of the Soviet drawing 
is, of course, questionable. For 
instance, the diagrams of the Mir sta¬ 
tion projected on the giant screens in 
the Kaliningrad control center show 
mistakes. One of these diagrams is vis¬ 
ible in a picture taken during the Mir- 
part of the Soyuz-T 15 mission [3j. This 
shows the solar panels of Mir and 
Soyuz being in the same plane. From 
TV footage of the Soyuz-T 15/Mir dock¬ 
ing it is clear that Soyuz is inclined 45 




Mir based on Soviet drawing showing solar 
panels of Mir and Soyuz in same plane. 

degrees to the horizontal (through 
Mir's solar panels). 

In a meeting I had with Soviet space 
artist Andrei Sokolov last summer, he 
told me all modules would dock 45 
degrees inclined. Again, this is not visi¬ 
ble in the Soviet drawing. Sokolov also 
said two kinds of modules were availa¬ 
ble for Mir; a long one and a short one, 
which he sketched for me. The long 
one is visible in the Soviet drawing. It 
has a strangely narrow end part. 
Perhaps a re-configured cargo descent 
module? The short module may be the 
one shown in photographs of Mir train¬ 
ing mock-ups, known as the rear-mod¬ 
ule. Several of these docked to Mir 
would provide secondary docking 
ports, thus enabling more than three 
cosmonauts to go aboard. 

Raftrancn 

1 Station Orbitaie Sovietique MIR Dossier de Presse, Cosmos Club de 
France 

2 Aarde & Kosmos (Dutch magazine) 1987 No 1,p126 

3 Flight International, 10 May 1986, p 26 



(3) The module's main docking probe 
is retracted and the entire module is 
raised slightly. 


(2) The arm locks on to 
the socket located on 
Mir's ball-shaped 
multiple-docking 
assembly; 


Q 


(4) The module swings round 
the socket on Mir through 90 
degrees and re-docks at a 
side-port. 
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SATELLITE 
DIGEST-202 

Robert D. Christy 

Continued from the April, 1987 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. 

The heading to each launch gives the name of the 
satellite, its international designation and its number in 
the NORAD catalogue. Launch times are given in Universal 
Time and are accurate to about five minutes except where 
marked with an asterisk, where the time is to the nearest 
minute as announced by the launching agency. 


COSMOS 1810,1986-102A, 17262. 
Launched: 1100, 26 December 1986 from 
Tyuratam by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance 
over an extended period. 

Orbit: 248 x 265 km, 89.66 min, 64.76 deg, 
manoeuvrable. 


MOLNIYA-1 (70), 1986-103A, 17264. 
Launched: 1526, 26 December 1986 from 
Plesetsk by A-2-e. 

Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section 
at one end. The opposite end of the vehicle 
carries communications aerials and a 
'windmill' of six solar panels set in a plane 
at right angles to the main axis of the 
body. Stabilisation is by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Communications satellite pro¬ 
viding telephone, telegraphic and televi¬ 
sion links through the 'Orbita' system 
within the USSR. 

Orbit: Initially 447 x39079km,701.04min, 
62.78 deg then raised to 475 x 39876 km, 
717.70 min, 62.82 deg, to ensure daily 
repeats of the g rou nd track. 


METEOR 2 (15), 1987-1A, 17290. 
Launched: 0122, 5 Jan 1987 from Plesetsk 
by A-2 or F-2. 

Spacecraft data: A cylinder with a pair of 
Sun seeking solar panels at right angles to 
the centre of the body, and an Earth point¬ 
ing sensor array at one end. The length is 
probably about 5 m, diameter 1.5 m and 
mass around 2000 kg. Stabilisation is by 
the use of momentum wheels. 

Mission: Meteorological and remote 
sensing satellite. 

Orbit: 942 x 961 km, 104.14 min, 82.47 deg. 


COSMOS 1811, 1987-2A, 17292. 
Launched: 1238, 9 January 1987 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 


spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A sup p ke n qv 
tary equipment package may be fitted at 
the forward end. Several small, heat 
shielded containers may be carried for 
periodic return to Earth of film The owaH 
length is about 6 m, maximum diandBr 
2.4 m and the mass around 7000 kg. 
Mission: Military photo recon natsance 
over an extended period. It re-entered on 
T3 February 1987 after 35 days. 

Orbit: 171 x 347 km, 89.69 min, 64.87 deg, 
manoeuvrable. 


COSMOS 1812,1987-3A, 17295. 
Launched: 0906, 14 January 1987 from 
Plesetsk, by A-2 dr F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of Sun seeking solar 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is (aobably 
about 4 m, maximum body diameter 1.5 m 
and mass around 1600 kg. Stabilisation 
may either be by the use of a gravity gra¬ 
dient boom or by momentum wh eels . 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 634 x 665km.97.78min.82.55 deg. 


COSMOS 1813.1987-4A. 17297 
Launched: 1120, 15 January 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the, forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
retro-fire failed, so the re-entry module 
was deliberately destroyed by explosion 
on 29 January 1987. 

Orbit: 356 x 415 km, 92.32 min, 72.82 deg. 


PROGRESS 27, 1987-5A, 17299. 
Launched: 0606*, 16 January 1987 from 
Tyuratam by A-2. 

Spacecraft data: Soyuz derived design, 
having a near-spherical supplies compart¬ 
ment carry ing a rendezvous radar tower, a 
covered liquids tank section and cylindri¬ 
cal instrument unit containing batteries 


and a combined rocket motor/attitude 
control system. Length 7.5 m (including 
the docking unit), maximum diameter 2.2 
m and mass around 7000 kg. 

Mission: Unmanned supplies carrier for 
Mir, which was also used to set up 
rwxiezvoos conditions for Soyuz-TM 2 
and to raise the station's orbit. It docked 
with Mir's rear port at 0727 on 18 January. 
It undated at 1129 on 23 February, then 
re-ert te red after retro-fire at 1517 on 25 
February. 

Orbit: Initially IK x 260 km, 88.90 min, 
51.63 deg, then raised to 312 x 343 km, 
91.03 min, 51.62 deg for docking with Mir. 
On 18 January, a firing of the Progress 
j engine raised Mir's orbit to 328 x 363 km, 
1 91.39 mm. 51.62 deg. 


! COSMOS 1814. 1987-6A, 17303. 

i 

I Launched: 0913, 21 January 1987 from 
i PVaefskbyC-1. 

j S pa cecr a ft data: Possibly a cylindrical, 
j solar cell covered body, 2 m long and 2 m 
lanrter with mass around 700 kg. 
Austin; Military communications using a 
storWdump technique. 

Orbit: 77 lx 81 Okm, 100.72 min, 74.07 deg. 


COSMOS 1815. 1987-7A, 17326. 
Launched: 0702,22 January from Plesetsk 
byC-1. 

Spaxcraft data: Possibly similar to the 
navigation satellites, in which case it has a 
cylindrical body with domed ends, 
erxdised in a solar cell covered drum with 
length and diameter both about 2 m. A 5 m 
long boom supports a metal weight to 
provide gravity gradient attitude control. 
Additional control is probably by spin- 
stabilisation which also takes care of heat 
regulation. The mass is around 700 kg. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 374 x 580 km, 94.09 min, 50.67 deg. 


MOLMVA-3 (31), 1987-8A, 17328. 
Launched: 1601, 22 January 1987 from 
Plesetsk by A-2-e. 

Spacecraft data: Cylindrical body with a 
conical orbital adjustment motor section 
at one end. The opposite end of the vehicle 
carries communications aerials and a 
'windmill' of six solar panels set in a plane 
at right angles to the main axis of the 
body. Stabilisation is by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m. 
and the mass around 1800 kg. 

Mission: Communications satellite pro- 
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NASA Launches Indonesian Satellite Lightning 

The Indonesian satellite Palapa-B2P is now on station south of Borneo in TltA/iri/ 

geosynchronous orbit following launch on March 20 from Cape Canaveral by » ffCr€#a Jr Of 

NASA using a Delta rocket. I aiiwiiti 

Palaoa-B2P is the second spacecraft I Douglas Payload Assist Module (PAM) ■ CffaCCa tCflaflCrff 


The Indonesian satellite Palapa-B2P 
geosynchronous orbit following launch 
NASA using a Delta rocket. 

Palapa-B2P is the second spacecraft 
in a two-satellite system, replacing 
Palapa-B2 which was successfully 
deployed from the orbiter Challenger 
on mission 41B in February 1984, but 
failed to achieve geosynchronous orbit 
due to a payload assist module (PAM) 
malfunction. Palapa-BI has been 
operating since it was delivered to 
orbitfrom mission STS-7 in June 1983. 

Palapa-B2P is designed to provide 
24 additional channels of C-band ser¬ 
vice to the communications network 
that provides service to the more than 
13,000 islands of Indonesia and to the 
Association of South East Asian 
Nations (ASEAN) countries and Papua 
New Guinea. ASEAN includes the 
Philippines, Thailand, Malaysia and 
Singapore. The channels, or transpon¬ 
ders, will improve quality and effi¬ 
ciency to voice, video, telephone, tele¬ 
graph and high-speed data transmis¬ 
sions. 

Palapa-B2P was originally 
scheduled for launch by a McDonnell 

Indian Satellite - 

Launch Loss 

An Indian science satellite was lost 
at the end of March when its 
augmented satellite launch vehicle 
(ASLV) failed. 

The ASLV, developed by the Indian 
Space Research Organisation (ISRO), 
was the first of four and carried a 
stretched Rohiri series (SRS) scientific 
satellite. 

The launch, from Sriharikota, 
should have placed the 330 lb satellite 
into low Earth orbit. The ASLV, a four 
stage solid propellant booster with two 
additional strap-on boosters, suffered 
a malfunction in its second stage. 


is now on station south of Borneo in TIlA/m/ 

on March 20 from Cape Canaveral by ■ ffCr€/a Jr Irl 

Douglas Payload Assist Module (PAM) Failed Launch 

from the Space Shuttle last year. When 

the Shuttle launch was cancelled, the An Atlas Centaur launch vehi- 

satellite was assigned to fly on a Delta cle carrying a Fleet Satellite Corn- 
rocket. Since PAMs can be used on munications (FKSatCom) military 

either the Shuttle or a Delta, the same payload was destroyed by range 

PAM that was scheduled to launch safety officers 71 seconds after 
Palapa from the Shuttle was used ■ lift-off at Cape Canaveral on March 

The Delta vehicle used to put Palapa 26 in a heavy rainstorm with light- 

into orbit was one of the last rockets ning nearby. The destruct corn- 

built for NASA before the production mand was sent when the rocket 

line was halted in early 1984. Delta pro- began to veer off course and break 

duction started again last September up. 

when NASA ordered three new roc- Although a military payload, 

kets. In January, NASA announced it launch operations were in the 

was ordering a fourth Delta, which will hands of NASA which has set up 

launch the Cosmic Background an enquiry team to investigate the 

Explorer in 1989. cause of the failure. Engine perfor- 

Also in January, the US Air Force mance was satisfactory according 

selected McDonnell Douglas to build to telemetary data and attention 

and launch seven upgraded versions now centres on weather condi- 

of the rocket for its Medium Launch tions particularly on the presence 

Vehicle programme. of nearby lightning strikes. 

The final Delta mission scheduled One further and final FKSat- 

for this year is a Department of Defense Com satellite, which was 

payload that will fly in November. Over scheduled for launch on June 11, 

the last nine years and 46 launches, will now wait until the cause of 

Delta has achieved a 98 per cent sue- the failure has been identified, 

cess rate. 

Delta Satellite Reservations 

McDonnell Douglas has received nine down payments to reserve future launch 
dates for commercial satellites on its Delta II Medium Launch Vehicle. 

The nine launch reservations are from eight organisations: Communications 
Satellite Corp. in Washington made two reservations and the following each made 
one: Contel ASC, formerly American Satellite Co., Rockville, Maryland; Hughes 
Communications Satellite Services Inc., Los Angeles; the Government of India; 
and Pacific Satellite Inc., Washington. Three organisations declined to be iden¬ 
tified. 

Delta II launches for commercial customers will begin in late 1988 or early 1989. 
The company will have the capacity to launch up to 12 commercial satellites per 
year in the early 1990s. 

In January, the Air Force awarded McDonnell Douglas a contract to build and 
launch seven Delta II rockets, with options for 13 more. Atthe same time, McDon¬ 
nell Douglas has been actively marketing the Delta II to commercial customers. 


viding telephone, telegraphic and televi¬ 
sion links through the 'Orbita' system both 
within the USSR and abroad. 

Orbit: 435 x 40809 km, 735.89 min, 62.81 
deg, then lowered to 461 x 39893 km, 
717.76 min, 62.85 deg to ensure daily 
repeats of the ground track. 


COSMOS 1816, 1987-9A, 17359. 
Launched: 0615, 29 January 1987 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A 5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
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around 700 kg. 

Mission: Navigation satellite. 

Orbit: 965 x 1011 km, 104.93 min, 82.93 
deg. 


COSMOS 1817, 1987-10C, 17368. 
Launched: 0919, 30 January 1987 from 
Tyuratam by D-1-e. 

Spacecraft data: A stepped cyl inder with a 
dish aerial array at one end. Electrical 
power is provided by a pair of rotatable 
solar panels at right angles to the body. 
The length is about 5 m, the maximum* 
diameter about 2 m, and the mass around 
2000 kg. 

Mission: Intended geosynchronous com¬ 
munications satellite injected into low 
Earth orbit after its final rocket stage failed 
to fire. 

Orbit: 212 x 260 km, 89.17 min, 51.59 deg. 


UPDATES: 


1985-34B, NUSAT decayed on 15 
December 1986 after 595 days. 

1985-104B, GLOMR decayed on 26 
December 1986 after 422 days. 

1985- 118A-C, COSMOS 1710-1712 - the 
launch vehicle was D-1-e. 

1986- 25A, COSMOS 1737 re-entered on 3 
December 1986 following retro-fire after 
253 days. 

1986-71A-C, COSMOS 1778-1780 - the 
launch vehicle was D-1-e. 

1986-87A, COSMOS 1792 re-entered on 5 
January 1987 after 53 days. 

1986-99A, COSMOS 1807 re-entered on 23 
January 1987 after 38 days. 

1986-60A, COSMOS 1770 re-entered on 2 
February 1987 after 180 days. 
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Preparatory Programme 

The UK has joined other members of the European Space 
Agency (ESA) in the preparatory programme for ESA's 
Hermes manned spaceplane. 

The decision was announced in Paris on March 19 by Roy 
Gibson, Director-General of the British National Space 
Centre, at a meeting of the ESA Council Group during prep¬ 
arations for the next ESA Ministerial Council this summer. 

Mr. Gibson said: "Britain's £2m contribution means that it 
will acquire the necessary visibility in the Hermes prog¬ 
ramme and should enable us to gain extremely valuable 
experience in advanced new technologies employed on the 
project." 

He emphasised that Britain's decision was at present 
limited to the current preparatory programme and did not in 
any way constitute a commitment to any subsequent 
development programme, which would have to be decided 
upon following the next ESA Ministerial Council. 

Several British companies and universities are expected 
to benefit from the preparatory programme including British 
Aerospace at Warton and Stevenage; GEC Avionics of 
Rochester; Smiths Industries at Cheltenham; and the Uni¬ 
versities of London, Swansea, Oxford and Southampton, as 
well asthe Cranfield Institute of Technology. 


Sweden Conducts Microgravity Research 


The first launch of the Swedish 
sounding rocket programme MASER 
took place at Esrange, the Swedish 
Space Corporation range in Kiruna, 
Northern Sweden on March 19. 

A payload including a 60 per cent 
contribution from the European Space 
Agency's Microgravity Programme 
was flown in microgravity conditions 
for seven minutes 15 seconds. Experi¬ 
ments from ESA member states, 
including Germany, the Netherlands, 
Sweden and Italy were carried, cover¬ 
ing basic research in areas such as 
immiscible alloys, metallurgy and the 
heat transfer and surface tension prop¬ 
erties of liquids. Although focussed 


primarily at basic scientific research, 
the results of this type of experiment 
may contribute significantly to the 
understanding of those physical 
phenomena responsible for determin¬ 
ing the properties of new materials 
with potential for future applications. 

Sounding rocket programmes of 
this type, including the German Texus 
programme (in which ESA also partici¬ 
pates to a level of about 50 per cent), 
have successfully provided over the 
last few years flexible and consistent 
flight opportunities for microgravity 
research. 

Independent from large space sys¬ 
tems, such as Shuttle/Spacelab prog¬ 


ramme, they offer in the era leading up 
to the utilisation of Space Station/Col¬ 
umbus a regular means of carrying out 
experiments in a rapid, flexible and 
repeatable manner, thus ensuring con¬ 
tinuous access to the microgravity 
environment for a growing scientific 
community. 

Microgravity research is carried out 
in thefreefloating conditions obtained 
in orbital and sub-orbital space flight 
where near weightlessness of about 
one ten thousandth of the force of 
gravity at the Earth's surface can be 
obtained. 


Pioneer 9 

NASA's Pioneer 9 spacecraft, 
which has orbited the Sun for 
almost two decades, was declared 
officially out of operation in March 
after a final attempt to contact it 
was unsuccessful. 

The last signal from Pioneer 9 
was received on May 18, 1983. 
Since then, controllers have made a 
number of attempts to reach the 
spacecraft when equipment availa¬ 
bility and positions of the Earth, 
Sun and spacecraft permitted, but 
they were unable to pick up a sig¬ 
nal. 

On March 3,1987 in a last-ditch 
attempt to revive the spacecraft, 
engineers at NASA's Ames 
Research Center in Mountain View, 
California used a wide variety of 
combinations of transmitter, anten¬ 
nas and receivers, including an 
especially sensitive receiver 
developed for NASA's Search for 
Extraterrestrial Intelligence prog- 
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Increased Safety Measures 

A new reference baseline for Hermes and Ariane 5 is being considered following 
a reappraisal of Hermes safety requirements and a detailed analysis of the initial 
Hermes configuration. 

As a design goal, the total mass of Hermes has been assumed to be 21 tons in a 
low circular Earth orbit of 500 km and an inclination of 28.5 degrees. The total mass 
of Hermes includes a payload of three tons plus mission fuel of 1.5 tons. This would 
result in a corresponding adaptation of Ariane 5 configuration from twosolid boos¬ 
ters of 190 tons and a liquid core stage of 140 tons to an updated version with two 
solid boosters of 230 tons and a liquid core stage with 155 tons of propellant. 

According to the revised concept, the Hermes spaceplane would be designed 
with an ejectable crew cabin as a more advanced safety system. Hermes would 
have a crew of three, a pressurised cargo bay and an adapted fuselage with respect 
to these changes. 

Hermes is foreseen to service the European contribution to the future manned 
space station and, in particular, the Man Tended Free Flyer (MTFF). The MTFF con¬ 
stitutes an element of the European Columbus in-orbit infrastructure programme. 
It will be a periodically manned laboratory for microgravity experiments. 

A task force has been established to review the overall coherence between 
Hermes, Ariane 5 and MTFF. The members consisting of representatives of the 
European Space Agency (ESA), national space agencies of ESA member countries 
and industry, are due to present their findings this month (May). 

Initiated by the Centre National d'Etudes Spatiales (CNES) in 1976, the Hermes 
spaceplane became an ESA programme in December 1986. Under ESA authority, 
CNES manages the preparatory programme. 
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UK/Soviet Agreement on Space 

A ten-year co-operation agreement on the study, exploration and use 
of outer space was signed in Moscow at the end of March by Foreign and 
Commonwealth Secretary, Sir Geoffrey Howe, and Soviet Foreign Minis¬ 
ter, Eduard Shevardnadze. 


Columbus 
Contracts 
for Logica 

Logics has been awarded contracts 
worth over £500,000 for Phase B2 - the 
detailed definition phase - of the Euro¬ 
pean Space Agency's Columbus prog¬ 
ramme, by prime contractor MBB- 
ERNO. 

Logica's main task in this phase is to 
manage the definition of the system 
software which will comprise: 

• Onboard system and mission man¬ 
agement software. 

• Ground-based mission preparation 
software. 

• Software technology support. 

Software companies from several 
European countries are brought 
together in the Logica-led consortium, 
which includes teams from Denmark 
and W. Germany. 

In addition, Logica continues in 
Phase B2to work on projects begun in 
earlier phases. These include contracts 
with: 

• Aeritalia of Italy for human factors, 
man-machine interface and 
software engineering consultancy 
for the manned elements of Colum¬ 
bus. 

• Matra of France on system and 
software aspects of the data man¬ 
agement system, which is used in 
all elements of Columbus. 

• British Aerospace on payload oper¬ 
ations aspects of the polar orbiting 
platform. 


- "Dead" 

ramme. Eighty command sequ¬ 
ences, totalling 270 commands, 
were transmitted to the spacecraft. 
However, no signal was detected. 

The final attempt to reach 
Pioneer 9 came 18 years after it was 
launched, on November 8,1968. 

Pioneer 9, which had a design- 
life of six months, was one of a fleet 
of four NASA spacecraft which have 
orbited the Sun since the late 
1960's. Pioneer 9 and its sister 
spacecraft. Pioneers 6, 7 and 8, 
which continue to function, were 
among the earliest interplanetary 
probes. 

The solar-orbiting Pioneers 
made the first detailed, comprehen¬ 
sive measurements of the solar 
wind, solar magnetic field, and cos¬ 
mic rays. Since the Sun is thought 
to be typical of many stars in the 
universe, the Pioneer data provided 
insights into stellar processes. Until 
1972, the Pioneers also supplied 


The agreement followed a protocol 
signed by Roy Gibson, Director Gen¬ 
eral of the British National Space 
Centre (BNSC) and Academician R. 
Sagdeyev of the Soviet Institute of 
Space Research in Moscow last 
October. 

The BNSC will administertheagree- 
ment on behalf of the UK space com¬ 
munity. It consolidates and formalises 
existing collaboration - between UK 
Universities such as Birmingham and 
London and the Soviet Space Research 
Institute. 

The agreement provides for co¬ 
operation in classical space sciences, 
such as x-ray astronomy, high energy 


Such terminals will be required to 
handle the large volumes of data gen¬ 
erated by commercial and scientific 
payloads to be carried by the various 
elements of the European manned 
space station complex, Columbus. 

Technological advances are 
expected to be made»in electronic fil¬ 
ters and in modulation and demodula¬ 
tion equipment to cater for 500 
megabit per second data transmission. 


practical data on solar storms 
which affect communications on 
Earth. Thef our Pioneers have rarely 
been tracked in recent years, since 
newer missions have required time 
on NASA's Deep Space Network 
antennas. 

Pioneer 9 has circled the Sun 22 
times, covering 11 billion miles, its 
297-day orbit ranging from within 
78 mi lion miles to 90 million miles 
from the Sun (just inside Earth's 
orbit). The 148-pound spacecraft 
sent 4.25 billion bits of data back to 
Earth during its operational 
lifetime. 

Engineers have speculated that 
Pioneer 9's demise could have been 
due to an electrical short-circuit 
caused by a worn-out part. A 
remote possibility is that the 
spacecraft was hit by a meteor. 

As they have aged, all four solar¬ 
orbiting Pioneers, which are solar- 
powered, have turned themselves 


astrophysics, solar and terrestrial 
physics and life and material sciences. 

As a result, there will be co-opera¬ 
tion through exchanges of experts and 
experience, and sharing in joint 
research, such as the planned Soviet 
mission to Phobos in 1988. 

Three British interdisciplinary scien¬ 
tists have been chosen to collaborate 
on the Phobos Mission: Professor 
David Southwood of Imperial College, 
London; Professor Greville Turner of 
the University of Sheffield and Dr. 
John Guest of the University of London 
Observatory. They will attend science 
workshops in the Soviet Union prior to 
launch and participate in analysis of 
data resulting from the mission. 


A simulator representing the data flow 
over a relay satellite link to ground, will 
allow system evaluation to be made. A 
steered multi-frequency antenna is 
also to be modelled. 

The terminal will be compatible 
with the United States Tracking and 
Data Relay Satellite system already in 
operation and eventually with the 
proposed European Data Relay satel¬ 
lite. 


off due to circuit overload when at 
their farthest from the Sun. How¬ 
ever, until now, mission controllers 
had always been able to command 
the spacecraft back on by radio sig¬ 
nal. Pioneer 9 will continue to orbit 
the Sun indefinitely, but in all likeli¬ 
hood will never again transmit data 
to Earth. 

Pioneer 9's accomplishments 
include determining the structure 
and flow of the solar wind, the mill- 
ion-mile-an-hour stream of ionized 
gases which spirals out from the 
Sun. Pioneer 9 and the other solar¬ 
orbiting Pioneers also measured 
the twisted magnetic fields thread¬ 
ing the solar wind and the high- 
energy particle streams which fol¬ 
low the course of the magnetic field 
out from the Sun. 

Before the Pioneer findings, the 
solar windwasthoughttobea gen¬ 
tle, steady flow. 


Space Station Communication Terminal 

Marconi Space Systems of Portsmouth, England, has been awarded a £300,000 
contract by the European Space Agency (ESA) to commence work on the develop¬ 
ment, assembly and test of a satellite communication terminal. 


After 18 Years 
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International Space Year r Satellite Supercomputer 

The International Council for Scientific Unions (ICSU) has agreed that 1992 Smith Associates (SA) of Guildford, 

should be designated International Space Year (ISY) when, through enhanced England has been awarded a contract 
global co-operation, the achievements and benefits of current and prospective by ESA to develop a transputer-based 
space programmes will receive greater prominence. fault-tolerant supercomputer small 

It is hoped to highlight the many contributions of the space sciences to human enough to be carried aboard satellites, 
progress and to convey, through special events during the year, how space explo- SA claim the transputer is particu- 

ration can advance civilisation. The types of events envisaged are ones to promote larly attractive for space applications 
understanding and collaboration between scientists, educators, policy-makers because transputer arrays require a 
and the'general public. A proposed central theme for ISY is 'Understanding and minimum of external support circuitry. 
Utilising Space for Humanity'. provide very high performance and 

1992 has been chosen as it will be international cooperation in space, can be connected in fault-tolerant con- 

the 500th anniversary of the landfall of including the development of a con- figurations. Benefits include real-time 

Columbus in the New World and the sensus about future targets for joint picture compression, greater 

35th anniversary of the International missions and a new world commit- autonomy for distant satellites and on- 

Geophysical Year and thus of the ment to the peaceful exploration and board pre-processing in communic- 

beginning ofthe space era. Bythatdate utilisation of spaceforthebenefitof all. tions satellites, 

it is hoped to have set in place plat¬ 


forms for global observations of the . 

Earth from space and from networks of —PariS Air SnOW 
Earth-based stations. The ISY could 

also highlight other existing arid plan- The 37th International Air and exhibited by the French national space 

ned international programmes in areas Space Show will be held at the Le agency, CNES. 

like space astronomy, solar-terrestrial Bourget Airport outside Paris from The British National Space Centre 

physics, and exploration of major and June 12 to 21,1987. The inauguration will have a large presence with a 50 sq 

minor planets. ceremonies will be held on the morn- metre stand featuring a continuous 

The ICSU believes that the explora- ing of 11th and an initial preview will video presentation on the centre, its 

tion and discovery aspects of the ISY be held for members of the press in the national and European Space prog- 

will stimulate the imagination of the afternoon. The show will be open to rammes and the capabilities of univer- 

public of all ages, providing an impor- the public og 12, 13 and 14 and on the sities, manufacturers and the service 

tant occasion for the diffusion of know- final weekend (20 and 21); the 15th to sector. Exhibits will range over satellite 

ledge and for a wide range of educa- 19th are reserved for professionals and communications, earth observation, 

tional activities. The ISY could also journalists. the International Space Station and 

prompt consideration of creative, vis- A full-scale model of Hermes, the Columbus programmes, astronomy 

ionary proposals that will increase future European spaceplane is to be and solar science, and Hotol. 


New Eyes in Space from CAL 


The Auroral Oval viewed by CAL'S Imager 



For the past year the world has had a completely different look at 
the phenomena known as the Northern Lights (polar auroral 
activity). . . this time from space! 

Canadian Astronautics Limited’s Far Ultra-Violet Spaceborne 
Imaging System, launched last February on the Swedish Viking 
Satellite, has provided many top-side realtime images in the ultra¬ 
violet region of the spectrum. This enables images to be obtained in 
both day and night conditions throughout the mission. These 
images will give scientists a more complete picture of the pro¬ 
cesses behind the aurora. 

The imager consists of two independent cameras each designed 
to view a different UV spectral band. The optics consist of mirrors, 
filters, a micro-channel plate image intensifier, a coherent fibre- 
optic bundle image transfer element and a two-dimensional CCD. 
The images are motion-compensated by the radiation hardened 
read-out electronics and then computer processed before being 
sent to the ground. 

The UV imager is the latest achievement from CAL’S innovative 
Space Science Division which is part of the Space Systems Group. 
Also in development are a Spacelab instrument called Waves in 
Space Plasma (WISP) and a Michelson Interferometer instrument 
called WINDII to be flown on the NASA Upper Atmospheric 
Research Satellite. 

CAL’s new eyes in space since February 1986 continue our 
commitment to create state-of-the-art space science instru¬ 
ments . . . and in true scientific tradition CAL will always keep its 
eyes to the future. 

Meet us at our booth at the Paris Air Show, June 12—21,1987. 

Canadian Astronautics Limited 

1050 Morrison Drive, Ottawa, Ontario, K2H-8K7 
Canada Telephone; (613) 820-8280 Telex; 053-3937 
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Ozone Depletion 


Rates of Ozone Depletion 
in the Northern 
Hemisphere 
1978-1984 
(Total column 
amounts) 


90 


Ozone is a minor atmospheric gas with a global dis¬ 
tribution. It resides mainly in the stratosphere 
where it acts as a screen against ultraviolet 
rays from the Sun, which would be 
harmful to life H able to penet¬ 
rate to the Earth's surface. 
Evidence of a continuing 
depletion of ozone is 
now a matter of 
major concern. 


I 80 
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This false colour photograph of ozone 
trends in the northern hemisphere is based 
upon analyses of Dr. Donald F. Heath of the 
NASA Goddard Space Flight Center. The 
ozone data were computed from observa¬ 
tions with the Solar Backscatter Ultraviolet 
(SBUV) instrument which was launched 
aboard the Nimbus 7 satellite in October 
1978 into a circular sun-synchronous polar 
orbit (110° inclination) at an altitude of 
about 950 km. Dr. Heath has also developed 
and prepared Backscatter Ultraviolet 
instruments for measuring ozone total col¬ 
umn amounts and the corresponding pro¬ 
files from the Nimbus 4, Atmospheric 
Explorer 5 and NOAA 9 satellites which 
were launched in April 1970, November 
1975 and December 1984 respectively. 

In the northern hemisphere tropics 
ozone is decreasing at a rate of about 1.0 per 
cent per year (green). At mid-latitudes the 
rate of ozone decrease is slightly less, 0.5 - 
1.0 per cent per year (orange). The rate of 
ozone decrease around the 30° latitude cir¬ 
cle varies from 1 per cent per year at a lon¬ 
gitude of 180^ to 0.6 per cent per year at 270° 
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and to 0.4 per cent per year at 360°. At 60° 
latitude there is a region south of Alaska, 
longitude 210°, where ozone is increasing 
(red) which reaches a maximum value of 0.2 
per cent per year. The largest rates of 
decreasing ozone in the northern hemis¬ 
phere are observed inthe sector (blue) pole- 
ward of 60° and between longitudes of 330°- 
120° with the region of largest rate of 
decrease (1.2 per cent per year) in the vicin¬ 
ity Spitzbergen. 

Results are also available for the south¬ 
ern hemisphere. The tropical rate of ozbne 
decrease of about 1 per cent per year which 


is seen in the northern hemisphere is also 
observed in the southern hemisphere but it 
does not extend as far poleward. The pat¬ 
terns of rates of ozone depletion exhibit a 
much greater zonal symmetry in the south¬ 
ern hemisphere than in the northern hemis¬ 
phere. The 30° latitude circle is charac¬ 
terised by a zone of minimum rate of ozone 
of about 0.4 per cent per year. Poleward of 
30° latitude the rate of ozone depletion 
accelerates rapidly reaching a maximum 
rate of 2.6 per cent per year which is offset 
from the pole at a longitude of 30°. 

Intercomparisons of satellite measure¬ 
ments of total column ozone amounts with 
those obtained with ground-based Dobson 
instruments as the satellite passes over the 
station indicate that the ozone values from 
the satellite are decreasing at an average 
rate of about 0.3 per cent per year relative to 
the Dobson network. In order to reference 
the ozone trends reported for the northern 
and southern hemispheres to the Dobson 
network the rates of ozone decrease should 
be reduced by 0.3 per cent per year or 
shifted by about one colour bar. 
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Space Instruments Study 

by John Bird Ozone Phenomena 


Life on Earth is dependent on 
the ozone layer of the atmosphere 
to act as a shield from the deadly 
ultraviolet rays from the Sun. Over 
the last two decades, and since 
1980 in particular, there has been a 
mysterious decrease in ozone 
levels in the atmosphere in the 
polar regions of the Earth. Because 
of this potential danger efforts to 
understand the "ozone hole" 
phenomenon have recently inten¬ 
sified. 

Nimbus-7 Satellite 

Nimbus-7 is a weather satellite car¬ 
ring several instruments that monitor 
ozone and other related chemicals 
such as nitrogen dioxide. It was 
launched on October 24,1978. 

Images of ozone distribution over 
the Earth have been provided by an 
instrument called the Total Ozone 
Mapping Spectrometer, TOMS, which 
is part of the Nimbus-7 weather satel¬ 
lite. 

Another instrument on Nimbus-7 
which monitors ozone is called the 
SBUV (Solar Backscattered Ultraviolet). 
It is an optical instrument that looks at 
12 wavelengths from 312 to 340 nm. 

The Stratospheric Aerosol Mea¬ 
surement II (SAM II) is another Nim¬ 
bus-7 instrument that monitors the 
aerosol layer in the Earth's stratos- 

US Explores 
Ozone Hole 

Three American agencies, the 
National Science Foundation, 
National Aeronautics and Space 
Administration (NASA) and the 
National Oceanic and Atmos¬ 
pheric Administration (NOAA) are 
supporting high priority research 
into ozone depletion over Antarc¬ 
tica. The depletion is a springtime 
phenomenon, peaking in October, 
and during such months observa¬ 
tions are of the greatest impor¬ 
tance. 

American ground-based activ¬ 
ity is centred on the research sta¬ 
tion at McMurdo Sound and 
involves the release of huge high- 
altitude balloons carrying instru¬ 
ments for the measurement of 
ozone and other trace atmos¬ 
pheric gases. Results will be com¬ 
pared with computer models in an 
attempt to understand the cause 
of the year-by-year increase in the 
springtime depletions. According 
to the British Antarctic Survey, the 
amount of ozone over Halley Bay, 
in the eastern part of the Weddell 
Sea, has decreased every spring 
since 1975. 


phere. Aerosols are microscopic parti¬ 
cles (either liquid or solid), and it has 
been suggested that they are related to 
ozone depletion. 

Space instruments that have pro¬ 
vided information for investigating the 
ozone depletion problem include: 

• Stratospheric Aerosol and Gas 

Experiment (SAGE), launched Feb¬ 
ruary 1979 

• SAGE II, launched October 1984. 

• Stratospheric Aerosol Measure¬ 
ment II (SAM II), launched October 

1978 on Nimbus-7. 

These three instruments were used 
to provide simultaneous measure¬ 
ments of ozone, nitrogen dioxide, and 
aerosols, which interact in the atmos¬ 
phere. Nitrogen dioxide plays an 
important role in the interaction bet¬ 
ween dynamical and chemical effects. 

Location of the Ozone Hole 

Most ozone depletion studies have 
focused their attention on the ozone 
"hole" over Antarctica. This hole is a 
region where the least amount of 
ozone is found. Another ozone hole 
has been detected over the Arctic. 
Although the effect of the second hole 
is not as pronounced it has been of 
concern because it is close to major 
population centres. 

The total ozone over Antarctica var¬ 
ies during the year, with a minimum in 
October. It is this minimum amount of 
ozone, which has been declining mar¬ 
kedly since 1979, that has been the 
cause of concern. 

In 1979 the total amount of ozone 
measured during the October 
minimum in Antarctica was 260JDob- 
son units. By 1985 it was down to 150 
DU, which corresponds to a 40 per cent 
depletion. During the two decades 
prior to this decline, (i.e. from 1960 to 
1979), a relatively slight decline was 
observed. The minimum values 
observed in October recover to normal 
values by the end of November when 
sunlight in the southern hemisphere 
chemically creates ozone. The ozone 
minimum in the northern hemisphere 
occurs at the same time as the 
minimum in the Antarctic. The 
changes may therefore be related to 
fluctuations in the energy output of the 
Sun. 

What is ozone? 

Ozone is a from of oxygen, having 
three oxygen atoms and labelled 0 3 , 
whereas the oxygen we regularly 
breath contains two oxygen atoms and 
is labelled 0 2 . Ozone is sometimes 
created by high voltages, so it is possi¬ 
ble to smell ozone near high voltage 
electrical wires. 

Ozone in the atmosphere is only a 
minor trace constituent, even at 


altitudes where it has maximum con¬ 
centration. Its maximum concentration 
occurs in a layer at 20 to 30 km altitude 
where there are 4 x 10 12 molecules per 
cm 3 , whereas oxygen at that height has 
2 x 10 17 molecules per cm 3 . In other 
words for every ozone molecule at 25 
km altitude, there are 100,000 oxygen 
molecules. 

Ozone Depletion 

Two basic mechanisms have been 
suggested as a possible cause of the 
ozone depletion: chemical reactions, 
and dynamic effects in the atmosphere 
where the ozone is redistributed by 
winds. If chemical reactions are 
responsible, the depletion could be 
due to chlorofluorocarbons (CFC's), 
which catalytically react with ozone to 
destroy it, while creating CIO and 
molecular oxygen. 



Nimbus 7. 


It has therefore been suggested that 
mankind's activities may threaten the 
ozone layer. For example, chlorof¬ 
luorocarbons created by industry float 
up to the stratosphere where they pro¬ 
duce chlorine that consumes the 
ozone. It was once thought that super¬ 
sonic aircraft produced chemicals that 
would destroy ozone. Apparently this 
has not occurred. 

Ozone depletion could be due to 
mankind's activities or it could be a 
natural phenomena. If it is a combina¬ 
tion of both mechanisms, it may be dif¬ 
ficult to identify the main cause. In any 
case, it is obvious that we must study 
this problem. 

Satellite data are being used in con¬ 
junction with data taken from ground- 
based instruments, balloon-borne 
instruments and computer models. By 
combining these techniques it will 
hopefully be possible to determine the 
cause of the ozone depletion and 
remove much of the mystery that now 
surrounds the problem. 
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Space Station 

OPPORTUNITY FOR 

UK in Earth Sensing 

by John Plevin and David Lynn* 

Although the launch of the Space Station is still some 10 years away a 
start is needed now to prepare for the operational use of remotely sensed 
data. In the following article a UK sensor development programme that 
compliments instruments provided through ESA is suggested together 
with an adequately funded UK Polar Platform Preparatory Programme to 
develop applications and to prepare the user community. Operational 
success of the Polar Platform will depend on the existence of effective 
institutional arrangements to cover the orbital operations and ground 
segment management. The authors propose that the UK takes the lead 
in studying the available options and recommending preferred solutions 
to ESA. 

Spaceborne Remote Sensing The approach which should be 

The long term potential of adopted is: 
spaceborne remote sensing for users 

in science, government and commerce 1. Identify the key applications 
will be based on the ability of space needed to attract a large and 

platforms to meet a number of essen- enthusiastic user 'community to 

tial requirements These are: the programme. 

2. Define the measurement require- 

• Synoptic and repetitive coverage. ments associated with these appli- 

• Accurate and timely information. cations in terms of: sensors and 

• Continuity of data supply. payloads; constraints on the plat- 

• Cost effective access to data. form and orbit; data management 

requirements. 

To date, apart from meteorological 3. Identify gaps in current capability 
applications, satellite remote sensing to apply remotely sensed data and 

has not succeeded in providing all of to indicate the research and 

these essential characteristics in a con- development needed to fill them, 

sistent way. An immediate result of 4. Discuss the organisational issues 
this shortfall in capability is that many that need to be addressed if the 

usersremainuncommittedtotheoper- Polar Platform is to be operated 

ational use of space techniques. and managed successfully. 

Clearly, this needs to change if the full Whilst emphasis is given to the 

potential of spade is to be realised. It opportunities provided by the Polar 
follows therefore, that the success of Platform it should be rememberedthat 
the Space Station programme for the 28.5 degree elements of the Space 

Earth observation missions will Station also have a useful, albeit 

depend on the ability of the proposed limited, role for the .Earth observation 
Polar Platforms to provide operational missions. Possibilities for the near 
data for the science and applications equatorial elements include: 
community. 

The Polar Platform concept has the • Testing sensors in space during 
potential to provide the characteristics short duration missions, 

listed above. The capacity to succeed is # Short duration operational mis- 

dependent on setting ground rules at sions. (eg high quality photo- 

the start of the design process and graphy). 

ensuring that they are maintained 



and oceanography. 

• Low latitude resources surveys in 
support of regional development 
programmes. 

There will also be applications that 
require orbits or platform capabilities 
that the Space Station elements are 
unable to provide and where con¬ 
tinued access to free flying satellites is 
needed. In the Earth observation area 
many of the missions associated with 
studies of the solid Earth, with their 
demands for magnetic cleanliness 
and/or orbital stability, fall into this 
category. In a similar way there will be 
a continuing need for geostationary 
satellites with their wide coverage and 
communications capabilities. 

Application Priorities 

The application of space data covers 
many disciplines ranging from local 
through to global in their data and 
coverage requirements. In defining 
priority applications emphasis has 
been placed on those having signifi¬ 
cant demands on the Space Station 
system and/or having major scientific 
or economic potential. In addition to 
the wide range of applications the user 
community is also broad, covering 
both operational users from the com¬ 
mercial, government and science sec- 


throughout the programme. If desig¬ 
ners fail in their task the operational 
role of the Polar Platform for remote 
sensing could be severely set back and 
it will be difficult to persuade funding 
authorities to continue to provide the 
high levels of cash needed to continue 
platform operations. However, it is 
believed that current limitations in the 
quality and continuity of space data 
can be overcome and the foundation 
laid for the successful operational use 
of the Polar Platform for Earth observa¬ 
tion missions. 

*National Environmental Research Council 
(NERC) Scientific Services, SwindonAJK. 
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tors, and users from the industry and 
science principally interested in sensor 
and applications development. An aim 
of the Polar Platform designers is to 
make the system attractive and cost 
effective to all of these users. 

In practice this may not be possible 
in which case it will be necessary to 
identify a sub-set of the total require¬ 
ment that offers the best hope for long 
term viability. Guidelines on establish¬ 
ing priorities between categories of 
user need to be developed. One view 
that has gathered support is that the 
operational requirement must . take 
priority if economic viability of the 
Polar Platform is to be achieved. 
Although there are requirements to 
test sensors in space, the long servic¬ 
ing interval for the Polar Platform 
suggests that the co-orbiting or the 
manned elements of the Space Station 
would be better suited for this role. 

A number of applications require 
global access to data and may not be 
viable at all without a space dimension. 
International programmes concerned 
with understanding how the Earth 
operates as a system are already cus¬ 
tomers for satellite data. The Global 
Atmosphere Research Programme 
(GARP) paved the way, and more 
recently the World Climate Research 
Programme (WCRP) with its focus on 
such areas as ocean circulation and 
land surface climatology has 
broadened the scope for scientific 
cooperation. Looking to the future 
major new international programmes 
being planned for the 1990s include: 

• The Global Ocean Flux Study 
(GOFS). 

• The International Geosphere - 
Biosphere Programme (IGBP). 

The success of these programmes 


will depend largely on the availability 
of satellite data. The Polar Platform 
with its near global coverage has the 
potential to become the main source of 
data for these fundamental studies of 
our own planet. The skills that enabled 
Giotto to rendezvous with Halley s 
comet can now be used much closer to 
home. *. 


National Sensor Developments 

A key question to be addressed is 
the need for a national sensor develop¬ 
ment programme to supplement the 
contributions which the UK is already 
making to ESA and bilateral sensor 
programmes. Considerable care is 
needed to identify sensors that are 


important in the measurements to be 
made and yet do not duplicate existing 
developments elsewhere. 

Data Management 

There is considerable glamour in 
building satellites and sensors. The 
long term benefits and the justifica¬ 
tions for a continuing space prog¬ 
ramme will, however, come from the 
use of the data acquired. To date only a 
small percentage of satellite data are 
used either routinely or in a quantita¬ 
tive sense. This is not only due to the 
experimental nature of much of the 
data and the lack of a sizeable user 
community, but also to insufficient 
attention being given to data handling 
and management issues. There are 
indications that past lessons have been 

MBB/ERNO 


Model depicting a possible flight configuration of the Columbus Polar PlatforriL. 
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learnt and the developments underta¬ 
ken in the ERS-1 Data Centre could 
form a foundation for the UK Polar Plat¬ 
form Data Centre. 

Data centres such as that planned 
for ERS-1 are usually limited to "level 
two” products (single sensor - single 
pass). In addition, satellite developers 
sometimes forget that remotely 
sensed data is rarely enough by itself 
to satisfy the needs of a particular 
application. Asa result the ground seg¬ 
ment development and the establish¬ 
ment of a sound institutional 
framework needs to be undertaken in 
partnership with key elements of the 
user community. It is insufficient 
merely to set an interface at level two 
and assume that beyond this a thriving 
user community is impatiently await¬ 
ing remotely sensed data from the 
Polar Platform. The advantage of a 
partnership to the Polar Platform 
ground segment will be the existence 
of a number of user data centres 
cooperating with the ground segment 
owners, and providing a wider range of 
data products (level three and beyond) 
including a merging of remotely 
sensed and other data sets. 


needed to start now. Activities to be 
carried out should include: 


1. Basic ground based measure¬ 
ments aimed at improving the 
quantitative interpretation of data 
eg radar backscatter, spectral sig¬ 
natures of natural materials, 
studies of seasonal variations. 

2. Definition of measurement 
requirements for new sensors 
including the associated validation 
and calibration activities. 

3. Development of improved infor¬ 
mation extraction methods eg 
image processing, data integra¬ 
tion, algorithm developments, 
sampling strategies, correction of 
atmospheric influences on 
remotely sensed data. 

4. Experimental and pilot projects 
based on aircraft data and data 
from existing satellites. 

5. Application development and 
demonstration programmes in 
partnership with users. 

6. Education and training. 

Many of the applications of remote 





sensing are to be found overseas 
linked with development projects or 
international science programmes 
often concerned with global issues 
such as ocean circulation and climate. 
The UK needs to participate fully in 
these overseas activities and the Pre¬ 
paratory Programme with its emphasis 
on applications development and sci¬ 
entific cooperation should provide the 
vehicle to achieve this. 

The various elements listed above 


Preparing for the Polar Platform 

Remote sensing in the UK to date 
has been largely technology driven. 
The creation of the British National 
Space Centre (BNSC) offers a real 
opportunity for change and the chance 
to introduce some user pull to balance 
the technology push. This has been 
recognised by NERC (National 
Environmental Research Council) and 
has led to the establishment of a 
Remote Sensing Applications 
Development Unit to operate within 
the BNSC. 

The success of the Polar Platform 
will be measured by its ability to serve 
the operational needs of users. Remote 
sensing is still largely experimental 
and qualitative. It is essential, there¬ 
fore, that in parallel with satellite 
development an application develop¬ 
ment and user preparation prog¬ 
ramme is undertaken. The aims of the 
preparatory programme are: 

• To undertake the basic measure¬ 
ments that will enable th6 
remotely sensed data to be cor¬ 
rectly and objectively interpreted. 

• To carry out applications develop¬ 
ments and demonstration prog¬ 
rammes in partnership with opera¬ 
tional users. 

• To prepare the user community for 
the operational use of satellitedata 
(eg training, market development, 
organisational arrangements). 

All three of these elements have 
been neglected in the past. The UK can¬ 
not afford to make the same mistake in 
the lead up to the Space Station 
launch. A properly funded and coordi¬ 
nated Preparatory Programme is 


The joint US/French Topex/Poseidon satellite which will measure sea-surface topography to provide data 
for models of ocean circulation. 
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The European Remote Sensing satellite, ERS 1 


need to be carried out in the framework 
of a national Polar Platform Preparat¬ 
ory Programme. In parallel with these 
scientific and technical developments, 
steps are also needed to establish the 
organisational framework required to 
ensure the continued operation of the 
Polar Platform. The financial resources 
needed to support the preparatory 
programme are not insignificant and it 
does not seem inappropriate to allo¬ 
cate some 10 per cent of the develop¬ 
ment costs to this crucial task. 


A Way Forward 

The arguments outlined above have 
indicated the^potential of the Polar Plat¬ 
form to meet the Earth observation 


needs of users in industry, government 
and science. This potential will, how¬ 
ever, only be realised if hard decisions 
are taken that will enable a cost effec¬ 
tive platform to be built and operated. 
The main missions for the polar orbit¬ 
ing element of the Space Station will 
be in the area of Earth observation. The 
investments made in space hardware 
must be balanced by appropriate 
efforts in applications development 
and exploitation, The sensors to be 
flown will be new and considerable 
underpinning research is needed if 
operational use of the data is to be 
achieved. The challenges to be faced 
are not so much in the Space Station 
infrastructure but in the areas of 
payloads, data management, applica¬ 


tions development and the organisa¬ 
tional structures needed for the opera¬ 
tional phase of the programme. 

The ESA Earth Observation Prog¬ 
ramme provides a basic foundation for 
the future and comprises a number of 
cornerstone missions (see ESA SP- 
1073, 'Looking Down - Looking For¬ 
ward' for details): 

• Continuation and improvement of 
observations of the atmosphere. 

• Continuation and improvement of 
ocean and ice observations (ERS-2 
and beyond). 

• Optical and all-weather land 
observation. 

• Exploitation of precise measure¬ 
ment techniques for solid-earth 
research applications. 

• Payloads of opportunity. 


The ESA programme outlined 
above must be complemented by vig¬ 
orous national contributions. A strong 
UK national programme is needed 
coordinated by the BNSC and a four 
prong attack is recommended: 

i) A Polar Platform Preparatory Prog¬ 
ramme comprising: applied 
research aimed at developing 
applications from current and new 
sensors to be flown; experimental 
campaigns and sensor valida¬ 
tions; applications demonstra¬ 
tions as one component of a bread 
user awareness programme; sys¬ 
tems for data handling and 
enhanced support for data 
analysis and management. 



Britain from Space - An Atlas of Landsat Images 


Eds. R.K. Bullard 8t R.W. Dixon-Gough. Taylor & Francis 
Ltd., 4 John Street, London, WC1N 2ET. 1985, £12.50, 


The great advantage of this type of atlas lies in the 
very nature of satellite imagery, used here to provide a 
systematic coverage of the UK for the first time. It con¬ 
tains far more detail and is far more accurate than a com¬ 
parable map made to similar scale. 

The images within this atlas fall into three sections. 
The first and main group features a systematic coverage 
of the UK, the second contains specialised Landsat 
images to illustrate the variety of natural and man-made 
features depicted, while the third gives examples of 
other satellite images to show differing techniques and 
applications. 

The Landsat images were generated from a mosaic 
produced by the National Remote Sensing Centre at 
Farnborough. Atlas images have been reproduced on a 
scale of 1:500,000, in simulated natural colour, which is 
the one most popular with a wide range of users. Eight 
special geographical images are included to the scale 
1 : 100 . 000 . 

Each image is accompanied by an interpretative map, 
compiled directly from the satellite picture, and a short 
descriptive text which describes the more important fea¬ 
tures shown. The atlas also includes an introduction to 
techniques and hardware, a glossary of terms and a 
directory of manufacturers and research institutes. 


v !>6 
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A consistent level of support is 
needed if the UK is to benefit in full 
from its investments in the Space Sta¬ 
tion. Because of the key role that 
remote sensing will play in the Polar 
Platform it is suggested that the Pre¬ 
paratory Programme is funded at a 
level of 10 per cent of the overall UK 
contribution tothe Space Station prog¬ 
ramme. 

ii) A national sensor development 
programme based on identified 
requirements and priorities. Can¬ 
didate sensors are: 

• Medium resolution (250-500m) 
optical imager combining and 
improving on the qualities pro¬ 
vided by the AVHRR and ocean col¬ 
our sensors. Such an instrument 
would have broad applications 
appeal but may need developing 
bilaterally with the USA. 


• Passive microwave radiometers 
for surface and atmospheric mea¬ 
surements. Significant gaps exist 
in European capabilities and the 
UK has the opportunity to make a 
significant and original contribu¬ 
tion. 


• Radar altimeters for ocean, ice and 
land applications. Altimeters have 
demonstrated their ability to pro¬ 
vide accurate and quantitative 
data and scope exists for the 
development of second genera¬ 
tion instruments. 
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• Sensors to support other payload 
elements (eg along track cloud 
detectors, sensor for atmospheric 
corrections) providing low cost 
and high value contributions to the 
Polar Platform missions. 

w 

Considerable care is needed in 
selecting and specifying sensors for 
national development, with decisions 
based on both technical and user 
related considerations. The national 
programme must, however, include a 
sensor development component. 

National decisions on sensor 
developments will need to be coordi¬ 
nated with developments carried out 
within ESA and where possible with 
developments undertaken in Europe 
and NASA. The scope for bilateral 
agreements on sensor developments 
will need to be explored. 

iii) Remote sensing generates enorm¬ 
ous quantities of data and the 
analysis and management of data 
are crucial to the successful exploi¬ 
tation of the Polar Platform. The 
UK should take the lead in defining 
and providing the data manage¬ 
ment facilities needed for the prog¬ 
ramme using the ERS-1 Data Facil¬ 
ity as the starting point. Links with 
user based data centres will need 
to be included. 


iv) Institutional arrangements are the 
cement that ties together the ESA 
and national elements. To date lit¬ 
tle thought has been given to iden¬ 
tifying the preferred ways to oper¬ 


ate and manage the Polar Platform 
in space including the ground seg¬ 
ment. There is scope for UK initia¬ 
tive here and an evaluation of 
options is needed. It is proposed 
that: 

• BNSC take the lead in identifying 
the options for the orbital and 
ground segment operations of the 
Polar Platform. 

• A national workshop is organised 
with representatives from indus¬ 
try, the financial sector, govern¬ 
ment and users with the task of 
recommending the preferred solu¬ 
tion for the Polar Platform institu¬ 
tional arrangments. 

• A UK led proposal is made to ESA. 

It is not unfair to say that remote 
sensing as a technique is still far from 
fulfilling its potential. The past 
emphasis on data acquisition and one- 
shot programmes at the expense of 
understanding information content 
and providing continuity of data has 
only served to delay its wider accep¬ 
tance by the operational community. 
The Polar Platform offers an opportun¬ 
ity to overcome past problems but only 
if a balanced approach is adopted with 
the proper attention given to applica¬ 
tion development and preparing users 
to take the lead in the exploitation of 
the Polar Platform for Earth observa¬ 
tion missions. 


The above article is based on a presentation 
given by the authors at the British 
Interplanetary Society's Space '86 confer¬ 
ence in Brighton, September 1986. 
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The Namibian desert 
(above) as seen by 
astronauts on Shuttle 
mission 511. It is one 
of the driest places on 
Earth. Right: a close- 
up showing sand 
dune formations in 
Sossus Vlei, part of 
the same area. NASA 




NASA 'S SHUTTLE EARTH OBSERVA TION PROJECT 


Photography from Orbit 


by Pat Jones 

Remote sensing satellites are 
lauded as one of the great develop¬ 
ments of the space age, yet remote 
sensing where astronauts are pre¬ 
sent to select the subject matter 
receives comparatively little pub¬ 
licity. John Young and Bob Crip- 
pen returned 551 photographs of 
Earth from the first 54 hour Shuttle 
mission in April 1981. Since that 
historic flight, NASA has accumu¬ 
lated some 30,000 photographs of 
the Earth taken by Shuttle 
astronauts. 

Each Shuttle mission carries NASA- 
adapted 70 mm Hasselblad cameras 
and five flights have also carried the 
larger Linhof camera which produces 


large format transparencies. Unlike the 
false coloured 'images' from remote 
sensing satellites. Shuttle astronauts 
bring back natural colour photographs 
which are often stunningly beautiful. 
England's "green and pleasant land" 
appears a bluish green when observed 
through the atmosphere. By contrast, 
the range of colours in deserts is spec¬ 
tacular. Australian deserts look red and 
pink, while the Namibian desert is a 
rich orange peppered with regimented 
sand dunes. 

NASA devised the Shuttle Earth 
Observation Project to streamline the 
collection of 'out the window' photo¬ 
graphs from space. Shuttle photo¬ 
graphs of Earth can make an excellent 
introduction to remote sensing. If the 
frontiers of exploration are in space, it 


is important to be familiar with the 
global appearance of our planet as 
seen from space. However, manned 
ventures into space have also 
reminded us that there is a lot we do 
not understand about our home 
planet. 

From orbit. Shuttle astronauts gave 
the first reports of four volcanic erup¬ 
tions and captured numerous exam¬ 
ples of industrial and agricultural pol¬ 
lution. Astronauts have reported that 
they can almost "see" plate tectonics 
in action - visualising from orbit the 
Himalayas being forced higher and 
higher by the continental collision of 
India and Asia, or imagining the mar¬ 
gins of the Red Sea being forced wider 
apart. 

From Shuttle orbit (130 to380miles) 


White beaches 
and the heavy 
white line of an 
airport runway are 
two distinguish¬ 
ing features on 
this photograph of 
the Bahamas 
taken by STS-1 
astronauts. 

NASA 





The great peaks and massive system of glaciers of the Karakoram Range in northern Pakistan are clearly 
visible in this mission 51F view. The area is just to the west of Mount Godwin-Austen with peaks up to 
26,000 feet. The Hispar glacier is at the lower right NASA 


there is the opportunity to take photo¬ 
graphs at oblique angles as well as 
from directly overhead (Landsat pro¬ 
vides only overhead views from an 
altitude of 573 miles; Spot at a similar 
altitude can acquire views up to 27 
degrees eithersideof vertical). Oblique 
views can be a valuable introductory 
teaching tool since the greater relief 
available with an oblique view in low 
sunlight can be much easier to under¬ 
stand than an overhead view. 

An onboard computer alerts crews 
when a site of particular interest to 
NASA scientists is coming up but 
astronauts also take lots of pictures of 
views that simply inspire awe or 
curiosity. Until the STS-1 crew took the 
accompanying photograph of the Ton¬ 
gue of the Ocean in the Bahamas, no 
one was really prepared to believe that 
the production of oolitic limestone in 
shallow waters on the ed ge of the con¬ 
tinental shelf was so readily visible. 

When oceanographer Paul Scully- 
Power flew on Mission 41G he was 
able to view the intricate patterns of 
waves and water boundaries that had 
been seen in photographs from earlier 
missions. From his window on the 
world 200 miles up, he could watch the 
water forcing its passage from the 
Mediterranean through the Straits of 
Gibraltar and then fanning out again as 
it reached the Atlantic. These wave pat¬ 
terns stand only two or three cen¬ 
timetres high - they cannot be 
detected by ships or spotter aircraft, 
but with oblique sunlight on the water, 
they are unmistakeable from space. 


The work dorte by Paul Scully-Power 
indicates that the relationship between 
oceanic water circulation and Earth's 
weather systems is much closer than 
previously understood. 

While planetary probes explore the 
distant reaches of our Solar System, 
Shuttle astronauts have been helping 
scientists explore remote and still little 
known regions of our own planet. 
Extensive geological interpretation of 
the high Tibetan plain has been under¬ 
taken using Shuttle Earth Observation 
photography - astronauts have pro¬ 
vided many stereo pairs of volcanoes 
in the Andes for a geologic mapping 
project. It is sobering to remember that 
while we have extensive and detailed 
maps of parts of the Moon, Mars and 
Venus we do not have a similarly com¬ 
prehensive map of the Andean vol¬ 
canic chain! 

Shuttle crews and their cameras 
have been effective in monitoring the 
environmen. They see ugly oil slicks 
revealed in oblique sunlight and they 
can track individual oil tankers bilging 
their tanks for tens of miles. Vast 
expanses of desert scenery are inter¬ 
rupted by extensive oil fields and in oil- 
rich countries expensive experiments 
in desert cultivation are eye-catching 
from space. The presence of Human¬ 
kind is evidenced by the straight lines 
to which we are addicted - motorways 
taking the most direct route from A to 
B, cities laid out in formal grids, and, 
most easy to spot, the runways of air¬ 
ports. Near large cities photographs 
often include the straight contrails of 


departed jets. More surprisingly, many 
international boundaries are defined 
as clearly as the Berlin wall when vie¬ 
wed from space. Economic and 
ideological differences are reflected in 
agrarian concepts; a land use or field 
pattern change along a boundary 
looks, from space, as distinctive as the 
straight political boundary lines on car¬ 
tographic maps. 

The smooth curves of wave and 
cloud patterns form a stark- contrast 
with Man's straight lines. Up to 25 per 
cent of the photographs brought back 
by each Shuttle crew are of clouds. 
Unlike black and white weather satel¬ 
lite images, three-dimensional full col¬ 
our photographs of clouds are both 
fascinating and instructional. Tropical 
thunderclouds rising 60,000 feet into 
the troposphere have grandeur and 
majesty. Pairs of typhoons dancing 
across the Pacific look graceful as they 
execute an atmospherically choreog¬ 
raphed formation - an appearance 
which stands in stark contrast with the 
devastation which may result from the 
storm below. 

From low-Earth orbit we can look at 
the Earth as a global ecosystem, 
observing the interaction of atmos¬ 
phere, landmasses and oceans. It is a 
new perspective from which we will 
learn many lessons and we can also 
expect a few surprises. 

Astronauts receive training in photographic 
techniques and camera operation Hasselblad 
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The Camera in Orbit 

— 25 Years of Hasselblad 


Earlier this year NASA celebrated the 25th anniversary of the United 
States' first manned space flight - the launch of astronaut John Glenn on 
February 20,1962. It was also in 1962 that cooperation first began between 
NASA and Victor Hasselblad. The first Hasselblad camera in space was the 
one that accompanied Walter M. Schirra Jr. on his eight circuits round the 
Earth during October of that year in a Project Mercury Space Capsule. The 
flight lasted nine hours 13 minutes. Since then. United States astronauts 
have carried Hasselblad cameras on every manned space flight. 


The choice of a Swedish camera 
was one that drew considerable atten¬ 
tion because it was a choice made in 
breach of one of NASA's basic rules, 
namely, that only equipment that had 
been made in the USA was to be used 
in the space programme. 


In July 1966 Thomas P. Stafford and 
Eugene A. Cernan were sent up in 
Gemini 9. In addition to carrying out 
scientific experiments and taking 
photographs of the Earth's surface, 
their tasks also included a docking 
manoeuvre. The plan was that they 
should link their craft to a rocket stage 
that had been sent into orbit earlier. 

However, the manoeuvre could not 
be carried out because the docking 
mechanism in the rocket stage was 
blocked by the protective shields 
which had failed to open properly. The 
crew of the spacecraft took 50 photo¬ 



graphs of the contrary-minded rocket 
stage and this documentation very 
quickly enabled the technicians to 
analyse the fault. As for the rocket 
stage, it was nicknamed the Angry 
Alligator, for reasons which are not 
hard to see when you look at the pic¬ 
tures of it. 

About a month later, the opposite 
happened - this time it was a photo¬ 
graphic fault. During the course of a 25 
minute space-walk outside the Gemini 
10 capsule, astronaut Michael Collins 
was supposed to-photograph a dock¬ 
ing manoeuvre. After taking 130 pic¬ 
tures he lost his Hasselblad Superwide 
camera. Its loss was Sweden's gain - 
the first Swedish space satellite was 
now in orbit! However, the loss of the 
pictures was a considerable setbackfor 
NASA. 

On July 20, 1969 Neil Armstrong 
stepped onto the surface of the Moon. 
Unfortunately there were no Has¬ 
selblad owners there waiting to record 
the moment but immediately after¬ 
wards Armstrong took a picture of his 
first footprint. It is, a photograph that 
has been publishecTin the press all over 
the world, in scientific literature and 
school textbooks. The wealth of pic¬ 
tures from the first Moon flight and the 
six that followed is overpowering, both 
insofar as their subject-matter and 
their multiplicity are concerned. When 
the last astronauts left the Moon they 
left behind them eleven Hasselblad 
cameras (it may have been 12 or 13, the 
actual total has never been confirmed) 
and a large number of lenses. 

The USA ended its space prog¬ 
ramme for the 1970's with the launch 
of the Sky lab Research Station. Each of 
the series of three Skylab crews took 
Hasselblad equipment including 
cameras, several lenses each, and film 
magazines. 

NASA's space activities in the 
1980's started with the launching of the 
Space Shuttle Columbia into orbit 
round the Earth on April 12,1981. The 
Shuttle's greater capacity has meant 
that there is room to carry out more sci¬ 
entific experiments than on earlier 
flights. It has also meant that restric¬ 
tions on the weight of camera equip¬ 
ment have now been removed. The 
Hasselblad cameras used on the Space 
Shuttle are standard products, just like 
the ones used on Earth. Working from 
their circuit some 270 km up, these 
cameras have mapped out large areas 



Protective shields still partially in place prevented 
Gemini 9 astronauts carrying out a practise dock¬ 
ing manoeuvre with this rocket stage. Hasselblad 

of the Earth's surface. Much of the area 
photographed has been recorded on 
64 ISO transparency film and some 
parts on infrared colour film. Each 
flight has produced a crop of many 
thousands of very high quality pic¬ 
tures. 

Hasselblad magazines are used to 
record data which describes the flight 
and gives the date, the time of day and 
the serial number of each exposure. 
The data appears outside the frame of 
the photograph, in the space between 
the perforations and the edge of the 
film. 

One of the assignments for Shuttle 
astronauts when flights resume is to 
make a photographic record of certain 
areas of the Earth's surface. A team of 
scientists specify the areas to be photo¬ 
graphed, train the astronauts before 
take-off and will keep them supplied 
with relevant information during the 
flight. 

Before each flight a Shuttle crew 
receivestraining in basic photographic 
techniques. Each of them is given a 
manual which lists places of special 
scientific interest and they are also 
instructed in the principles of geology, 
oceanography and meteorology. Pic¬ 
tures taken on earlier manned space 
flights play an important part in every 
aspect of this training andusingthem it 
is possible to point out interesting ter¬ 
restrial formations and to teach the 
astronauts to recognise important fea¬ 
tures or occurrences of which scien¬ 
tists wish to possess photographs. 

Once the crew of the spacecraft has 
safely returned, the film is developed 
and the pictures are evaluated and 
classified. A catalogue is created, with 
a description of every photograph 
taken, inter alia in terms of geographi¬ 
cal locations. The catalogue also gives 
details of the camera, the focal dis¬ 
tance of the lens and the type of film 
that was used. 
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The supernova has been studied almost continuously by the International 
Ultraviolet Explorer (pictured above). The spectrum was originally different 
from that of any supernova previously observed but on February 26 it resem¬ 
bled that of a typical Type 1 supernova - low mass white dwarf that accretes 
matter from a close companion until its mass reaches the critical limit and 
explodes ESA 


The explosion of a supernova in the Large Magel¬ 
lanic Cloud (LMC) on February 23, 1987 has been 
linked by some scientists to the formation of a black 
hole. 

Supernova 1987A had reached fifth magnitude when first 
observed from southern latitudes and expectations were 
that it would brighten much more. However, it reached only 
magnitude 4.0. 

The detection of two bursts of neutrinos emitted by the 
explosion at an interval of five hours caused much additional 
excitement. Normally astronomers would expect to detect 
neutrinos emitted only at the instance of explosion. 

The neutrinos and other elementary particles came from 
the collapsing heart of a massive star (possibly a red super, 
super giant) as its core was compressed by gravity to 
become a dense neutron star. 

German Scientists now say that if the neutron star was 
unstable it could have led to the formation of a black hole, 
accounting for the extra burst of neutrinos. 

Two spacecraft, the International Ultraviolet Explorer 
(IUE) launched in January 1978 and the Japanese Ginga X- 
ray satellite launched in February of this year ( Spaceflight, 
March 1987, p.95) were turned towards the supernova. 

In 1972 a far ultra-violet camera/spectrograph specially developed by the US 
Naval Research Laboratory was carried by the Apollo 16 astronauts to the 
moon where it was used to obtain images unimpeded by the obscuring layers 
of the Earth's atmosphere. Below is a far UV (1216 Angstrom) record of the 
Large Magellanic Cloud, the nearest external galaxy to our own. The original 
exposure was on special black and white film and this colour ’enhancement 
was produced by photographic means The camera recorded hot, young stars 
and highly excited gaseous nebulae emitting strongly at the far UV 
wavelengths. Space Frontiers Ltd 







Double Burst of 
Neutrinos Leads to 
Black Hole Theory 



This pair of photographs, obtained with the UK 1.2m Schmidt Telescope in Australia, show the fourth magnitude supernova near the Tarantula 
nebula in the LMC (bottom picture) and the same field (above) ^ken four years before the outburst. The supernova was recorded at 10:12:51 
UT on February 27 Both photographs were 15 minute exposures through a red filter. 

Copyright © 1987 Royal Observatory, Edinburgh. 
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Halley's Comet and the Principia 

P. Lancaster Brown, Aries Press, 10A St. Peter’s Road, 
Aldeburgh, Suffolk, IP15 5BG. 1986, £12.95, 349pp. 

The mid-1980's marked a unique double event by herald¬ 
ing a new apparition of Halley's comet on the very eve of the 
300th anniversary of Isaac Newton's great work the Principia. 

These two significant milestones in astronomy are 
inseparably linked in history by a chain of circumstance 
which began back in 1684 as a result of a forty-shillings 
wager made at the Royal Society concerning a tricky 
mathematical problem involving gravity. The young Halley, 
like others present, was unable to find the proof for it and, on 
impulse, travelled from LondontoCambridgetoseek advice 
from the older and more experienced Newton whom he had 
met shortly before. 

Neither they nor their peers could have foreseen the wide- 
reaching consequences which followed. Newton, Halley dis¬ 
covered to his surprise, had already solved the problem and, 
as a direct result of Halley's encouragement, was pressed to 
write a book setting out his ideas. Before the book reached 
the public, however, Halley was required to act as Newton's 
champion, confident, editor and then his publisher, digging 
into his own pocket to cover printing expenses. 

This book describes the remarkable story which led to 
deciphering the riddle of the comets. It recounts some of the 
rivalries, petty jealousies and bickerings that beset even 
great men of science. Along the way one meets many per- • 
sonalities and prodigies of the past including the colourful 
Sam Pepys, the irascible Dr Hooke, Voltaire and his blue¬ 
stocking mistress Emilie Marquise du Chatelet. 

The second part of the book traces the 2000 year known 
history of Halley's comet and bring us up to date with the 
1985/6 return when it was the subject of world-wide commer¬ 
cial promotion as well as several close encounters by various 
spacecraft. 

Celestial Globe 

George Philip and Son Ltd., 27A Floral Street, London WC2E 
9DP. £42.60 (plus VAT). 

This 30cm diameter globe has been beautifully fabricated 
on a wooden base. It depicts stars down to magnitude four. 
The constellations are outlined in schematic form i.e. lacking 
the various Deities and outlines traditionally associated with 
star maps, though a variant of the globe is also available 
depicting the ancient figures for each constellation, if 
required. About 780 of the brightest stars are named on the 
globe and many others are identified by the appropriate 
Greek letters or other designations. The Greenwich meri¬ 
dian, equator and the ecliptic are delineated, the whole being 
accompanied by a descriptive booklet which explains how 
the globe can be used, if other than for purely decorative pur¬ 
poses. This provides an introduction to the night sky but con¬ 
tains the statement that only the Orion nebula is visible to the 
naked eye and that the Andromeda nebula requires binocu¬ 
lars. This, of course, is not true. 

A "world clock" disc at the top of the globe can be used to 
ascertain the positions of the stars at any particular time. This 
disc should be set so that 12.00 coincides with the meridian 
of the Sun at the appropriate date. The supporting arm is 
marked to indicate North and South declination at 10 degree 
intervals. A further set of lines (meridians) have been added 
at 15 degree intervals running from the North to the South 
Pole, each of these 24 lines representing a one-hour time 
span to correspond with the rotation of the Earth. 


The Galaxy and the Solar System 

Ed. R. Smoluchowski et al. University of Arizona Press. 1615 
E. Speedway, Tucson, Arizona 85719, USA. 483pp. 1986. 
$29.95. 

This volume is full of interesting new ideas and informa¬ 
tion and, with dozens of maps, charts and graphs, is probably 
the first to deal specifically with the influence of the galaxy on 
the solar system, a matter of increasing importance as ideas 
surface about perturbations of the outer reaches of the solar 
system by passing stars. Such ideas involve not only the vel¬ 
ocities and mass functions of nearby stars but the location 
and motion of the Sun within the galaxy itself. The relation¬ 
ships betweeen interplanetary and interstellar dust and the 
distribution of molecular clouds are also closely related. 
Actually, the region of space near the Sun is relatively free 
from interstellar material though it could be immersed in a 
low-density cloudlet. 

The general question covered is, therefore, how is our 
solar system affected by its galactic neighbourhood and, as 
a closely related spin-off, does our Sun have a companion 
star, the existence of which might have some bearing on the 
suggested periodic extinction of many species on Earth? 

The supposed companion star, the search for which is 
underway, has even been given the name Nemesis. Its influ¬ 
ence on the planets is assumed to be negligible but could be 
very significant on loosley-bound collections of material 
known as the Oort cloud, in which comets are thought to 
form, arid which probably extend to the limits of the Sun's 
sphere of influence. This makes particularly interesting the 
recent photograph of the star B Pictoris which shows an 
accretion disc 'edge-on', extending out to 400 A.U. on either 
side of the star, where comets are probably being formed in 
exactly the same way. 


Stars, Nebulae and the Interstellar Medium 

C.R. Kitchin, Adam Hilger, Techno House, Redcliffe Way, 
Bristol, BS1 6NX. 1987, 359pp, £35.00 hardback, £15.00 
paperback. 

This volume describes those characteristics of stars (in¬ 
cluding groups of stars) and of the material between them 
which can be directly observed or inferred both from the 
study of electromagnetic emissions and, occasionally, high- 
energy particles. Although the result shows a bias towards 
data which can be collected and examined, the theoretical 
treatment described is sufficiently detailed to cover all such 
phenomena. 

The product is a comprehensive survey of present ideas 
on the structure, properties and evolution of stars and of 
their interaction with the interstellar medium. Special chap¬ 
ters summarise the physical and mathematical background 
needed for a deeper understanding of some of the more 
complex processes. For this reason, the text will serve the 
purposes of most advanced undergraduate courses in 
astrophysics, though those chapters which are largely 
descriptive contain material of interest to a much wider spec¬ 
trum of readers. 


The Role of Dust in Dense Regions of Interstellar Matter 

Eds. T. Henning and B. Stecklum, Kluwer Academic Pub¬ 
lishers Group, P.O.Box 989,3300 AZ Dordrecht, The Nether¬ 
lands. 1986. 266pp, $178.00 (£79.00). 

This work contains the proceedings of a meeting held in 
1986 and is reprinted in hardback from earlier publication in 
Astrophysics and Space Science Vol 128 No. I. 

The meeting was devoted tothe physics and chemistry of 
dense regions of interstellar matter and, particularly, with 
the properties of interstellar dust grains and star formation in 
those regions. 
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Dark Matter in the Universe 

Eds. J. Kormendy and G.R. Knapp. D. Reidel Publishing Co., 
P.O.Box 989, 3300 AZ Dordrecht, The Netherlands. 1986. 
506pp, £75.75. 

This is the first time that the I.A.U. has held a symposium 
on objects of a totally unknown nature for, even though the 
mass'of the individual particles that make up the dark matter 
is unknown, in aggregate it adds up about 90 per cent of the 
total mass of the Universe. 

The idea that the Universe might contain much more 
mass than can be seen in gas, stars and other remnants was 
pointed out by Zwicky in 1933, who showed that the Coma 
Cluster could be in equilibrium at the large observed velocity 
dispersion. For decades since then little was known other 
than that dark matter existed. There was little systematic 
informaton about its properties. Only in recent times has 
progress been made to the point where dark matter and 
density distributions can be measured. For example, by 
using accurate rotation curves extending over large ranges 
and radii, and by decomposing the effects of physical and 
dark matter, dark matter can be measured and density pro¬ 
files established. 

This volume includes 31 review and invited papers plus 71 
other contributions. 


History of Rocketry and Astronautics 

Ed. R. Cargill Hall, American Astronautical Society, PO Box 
28130, San Diego, California 92128, USA. 1986, Part I, 250pp, 
Part II, 502pp, hard covers $100, soft covers $80. 

This volume, in two parts, is the second in a sequence to 
cover the history symposia of the International Academy of 
Astronautics from 1967 to date and includes papers from the 
third to the sixth history symposia. 

Part I deals with early solid-propellant rocketry and roc¬ 
ketry and astronautics concepts, theories, and analyses after 
1880. Part II covers the development of liquid and solid prop¬ 
ellant rockets during the period 1880-1945 and rocketry and 
astronautics after 1945. Many authors and leading experts in 
space history have contributed to these volumes, which have 
numerous illustrations and references. 


Stellar Populations 

Eds. C.A. Norman et at, Cambridge University Press, The 
Edinburgh Building, Shaftesbury Road, Cambridge, CB2 
2RU. 245pp, 1987, £20.00. 

This book collects together a number of review papers 
presented at a symposium in May 1986 and thOs provides a 
comprehensive summary of our present understanding of 
the stellar populations within galaxies. Material covered 
includes the initial mass function and star formation his¬ 
tories, the chemical history of galaxies and their observed 
evolution as a function of redshift and stellar kinematics, and 
the modelling of synthetic populations. 

Any understanding of the fundamental processes which 
lie at the root of the formation, internal organisation and 
evolution of galaxies relies, ultimately, on the product of ail 
these activities, the stellar content of galaxies and the ages, 
positions, dynamic properties and other characteristics 
which make up what we regard as "stellar populations". 

This divides, basically, into two streams of activity. One is 
a star-by star-investigation of "resolvable" populations, the 
other is based on the integrated light studies which have 
reduced the frontier of observed galaxies with very high red- 
shift very close to the time of galactic formation. 

The book thus provides a valuable analysis of the way in 
which stellar populations help us to understand galactic 
structure and evolution, an area in which galactic interaction 
must have played a significant part. 
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Star Forming Regions 

Eds. M. Peimbert and J. Jugaku. D. Reidel Publishing Co., 
P.O.Box 989, 3300 AZ Dordrecht, The Netherlands. 1986. 
735pp. £93.00 (hard cover). 

This volume contains the proceedings of an I.A.U. Sym¬ 
posium held in November 1985 which dealt with one of the 
main problems in present-day astronomy - the study of star 
formation. It contains 25 review papers and 187 contributed 
papers. 

I n the 1940s and 1950s studies of star formation were con¬ 
cerned mainly with the fossil records e.g. star clusters and 
associations. In the 1960s, models for early stellar evolution 
established that T-Tauri stars were objects in very early 
stages of evolution. 

In the 1970s, millimetre-wave CO observations provided a 
powerful new tool to probe directly the raw material of star 
formation, leading to the discovery that most stars form from 
giant molecular clouds. 

Since then efforts to study star formation have been 
directed mainly towards probing deeper and deeper into 
such clouds to seek yet earlier stages in stellar evolution and, 
eventually, to identify protostars, i.e objects in the process of 
accumulating their mass of material before actually becom¬ 
ing a star. 

Results presented in this work include such topics as the 
relationship between molecular clouds and star formation, 
the efficiency and initial function of star formation, collapse 
.and fragmentation of protostellar clouds and large-scale pro¬ 
cesses of star formation. 

Much information is presented for the first time. For 
example, evaluation of the IRAS satellite data led to the dis¬ 
covery of 247 sources which show colour-characteristics of 
objects deeply embedded in dark clouds which are probably 
very young stars of low mass. Many such clouds are 
examined in detail in the text yet, in some respects, progress 
in finding protostars has become more difficult. There 
appeared to be plenty of candidates in the mid-70s: few are 
left now. 


Guide to the Stars 

L. Peltier, Cambridge University Press, The Edinburgh Build¬ 
ing, Shaftesbury Road, Cambridge, .CB2 2RU. 1987, 185pp, 
£6.95 ($11.95). 

The late Leslie Peltier was outstanding in the ranks of 
amateur astronomers, with 12 new comets and four novae to 
his credit during the period 1925 to 1954 alone. Besides that, 
his careful measurements of variable stars over a span of 
some 60 years exceeded 130,000 observations. 

Thus, he was well placed to collate the information pre¬ 
sented in this book but, contrary to what one might suppose, 
it is not directed solely to the keen, dedicated amateur. In 
fact, it actually starts in the most fundamental manner with a 
description of the night sky and a few well-chosen words on 
how to find one's way about the stars. Very quickly, however, 
it goes into the question of augmented vision, beginning 
with binoculars to obtain a better view. About half-way 
through, the question of variable stars and novae are inevita¬ 
bly introduced, leading on to Sun and various other objects 
in the Solar System. Plenty of practical tips are included to 
enable the beginner not only to become familiar with the sky 
but to record his observations for the very first time. 

It is, therefore, rather more than simply a descriptive 
work. The urge, right the way through, is to get the reader to 
go out and enjoy the Night Sky for himself. 


Most of the above notes are not reviews in the ordinary sense 
but have been extracted from information provided by the 
publishers and/or authors, amplified by further brief comment 
where appropriate. - 
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TOTAL CAPABILITY BRITISH AEROSPACE is Europe's most experienced prime 
contractor for space projects and has the total systems capability to provide customers 
with unrivalled technical and commercial confidence. BRITISH AEROSPACE 
participates in a wide range of programmes from sounding rockets to deep 
space probes and from Earth Resources to HOTOL British 
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CORRESPONDENCE 


Europe in Space 

Sir, In recent issues of Spaceflight, I found the detailed arti¬ 
cles dealing with the Soviet space programme, the "World 
Weather Watch", Space at JPL and Satellite Digest most 
interesting. 

Currently there is much going on in Europe. Hermes, 
Ariane-4, Ariane-5, Columbus are merely the tip of the 
iceberg. With the Ariane launcher family, Europe is, apart 
from the USA and USSR, the only space-faring power which 
has developed its large launchers completely on its own. 
China's first satellites were launched by an SS-2 rocket and 
the Japanese began with a Delta. 

ARMIN CORDEL 
Trier, W. Germany 


Space Science and Columbus 

Sir, Two lines of doggerel verse run: "In 1492, Columbus 
sailed the ocean blue". And he found the Americas! To celeb¬ 
rate the five hundredth anniversary of this auspiscious 
exploratory adventure, an International Space Year is being 
planned. Further, the USA has invited other nations to par¬ 
ticipate in an international Space Station for launch in 1992 
and beyond, to explore - and exploit - space, the final fron¬ 
tier. Europe's response, now being coordinated by the Euro¬ 
pean Space Agency, is called the Columbus programme. Bri¬ 
tain hopes to take the lead in the Polar Platform part of this 
programme, and also to use other components of the Space 
Station. 

Studies of the Earth's surface from space, termed "remote 
sensing", will undoubtedly benefit from novel observing 
systems which require the large mass (about two tonnes) 
and large volume planned for the Polar Platform (PPF) 
payload. The large rate at which data can be transmitted back 
to Earth, some hundreds of megabits per second, will allow 
high resolution images to be taken in unusual parts of the 
electromagnetic spectrum. The PPF will be visited for "ser¬ 
vicing" in orbit, when instruments may be refurbished or 
replaced; however, the interval between services is not yet 
definite. 

Perhaps 300 kilograms of the multidisciplinary PPF 
payload may be taken up by those involved in solar-terrest¬ 
rial physics(STP), that is jn studies of the Sun and the near- 
Earth space environment. The Polar Platform, in polar orbit 
at an altitude of just over 800 kilometres and reaching 
latitudes in excess of 80 degrees North and South, is an 
excellent platform for mounting instruments to investigate 
the Earth's upper atmosphere, ionosphere and magnetos¬ 
phere, as a coupled system, and on a global scale. 

A hundred scientists from many European countries and 
a few from the USA met at the SERC Rutherford Appleton 
Laboratory last November to consider what would be the 
best STP experiments to have on the PPF. Visible, ultra-violet 
and infra-red spectrometers and a pressure-modulated infra¬ 
red radiometer observing the Earth's atmosphere tangen¬ 
tially could study exotic trace gases such as the oxides of 
chlorine, hydrogen and nitrogen. These act as catalytic 
scavengers to destroy ozone in the upper atmosphere. 

Natural energetically-charged particle beams, which 
speed down geomagnetic field lines to cause the aurora, 
require further investigation at high temporal and spatial 
resolution. To this end, a Scandanavian-led group proposes 
an Auroral Imaging Observatory viewing the aurora from 
above in the visible, ultra-violet and X-ray parts of the spec¬ 
trum. A French group suggests a synthetic aperture HFA/HF 
radar on the PPF, probing ionospheric irregularities over the 
polar cap to investigate convection of the ionospheric 
plasma driven by the solar wind/magnetosphere dynamo. 

A British consortium proposes an array of instruments to 
observe not only natural phenomena but also the results of 


active experiments. Here an electron or ion gun is fired from 
the PPF and its plasma effects are measured on long booms 
or aboard sub-satellites at variable distances, up to a 
thousand kilometres from the PPF itself. Operation of the 
experiment will be interactively controlled in real-time by sci¬ 
entists on the ground, in the so-called "telescience" mode. 

The main Space Station, in a 28 degree inclination orbit 
near 500 kilometres altitude, could be valuable for such 
active experiments and for investigating the effect of its own 
enormous structure on the space plasma environment loc¬ 
ally, particularly in its wake. It would also be a fine mount for 
an imaging Fourier Transform spectrometer observing the 
Sun in the ultra-violet to study such diverse phenomena as 
mass and energy transport and heating by th^ waves present 
in the high solar atmosphere. 

Such ambitions plans will clearly be costly; it is important 
that a realistic, cost-effective long-term programme be 
drawn up so that as many scientists as possible use the Col¬ 
umbus programme to acquire their results. 

Dr. MICHAEL J. RYCROFT 
British Antarctic Survey 
Cambridge, England 


Hotol Take-off Performance 

Sir, Having read Bernard Carr's letter ( Spaceflight , March 
1987, p.90) on an air-launch of Hotol I find his idea lacking in 
engineering reality with the use of a 747. At present the 
maximum take-off weight allows only 200tonsto be lifted and 
with the expected weight of Hotol to be 230 tons, there is 
insufficient safety margin for his proposal to be relevant. 

Even were it possible to extend the lift capacity of the 747 
to the necessary level there are enormous dangers in the 
event of unexpected cross winds and turbulence causing the 
support struts to break and puncture the fuel tanks of Hotol. 

Asfor improving takeoff performance, may I suggestthat 
'•.inflight re-fuelling is safer as well as more cost effective. Re¬ 
fuelling at say 50,000 feet gives good ground clearance. 

J.C.E. MOORE 
Essex, England 


Equatorial Launch Site 

Sir, For many space missions, an equatorial launch site is 
advantageous. On the other hand, disadvantages are the 
usually remote location of such places, the lack of proper 
industrial and other infrastructure; and possible political 
instability. Cost of preparation and operation is high. So, the 
pros and cons require careful assessment. 

ABMA - later NASA-MSFC - studied (beginning about 
1958) the placement of such a spaceport on Christmas Island 
(1° 52' N, 157° 20' W; population ca. 400; 518 km 2 ; with har¬ 
bour and aircraft runway available and practically unlimited 
azimuth). Nearby Jarvis Island (0° 23' S, 160° 02' W; 4.1 km 2 ; 
no population) might have been useful for dangerous 
launches. This concept was not pursued very far at thanTRTe 
because of the cost and other aspects. 

Other locations were looked at too. DoD joined these 
efforts and brought in various concepts of 'mobile sea launch 
capability'. A summary report was published by the House of 
Representatives, Union Calendar No. 260, Report No. 710, 
87th Congress, 1st Session, on July 12, 1961. Its conclusion 
at this time was "not required". 

I am very grateful to my colleague H.H. Koelle, TU Berlin 
for providing much of the above information. 

H.O. RUPPE 
Munich, Germany 
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COR R FS PON DKNC E 


Mr. PE. Cleator, Founder of the BIS, writes concerning 
the Society's first members: 

Class of'33 

Sir, During the first ten weeks of its existence, the numerical 
strength of the BIS increased no less than threefold. Mem¬ 
bership rose, that is to say, from a paltry five to a monumen¬ 
tal 15-the erstwhile Founder Fellows of the Society. For the 
benefit of posterity, I append, in alphabetical order, the 
names of these early advocates of the supposedly unattaina¬ 
ble: 


early days, now retired and resident in the wilds of South 
Devon - none other than the Herbert Chester Binns who had 
placed at the disposal of the emergent BIS its first official 
meeting place in the guise of a suite of offices on the second 
floor of Liverpool's No. 81 Dale Street. So far as I am aware, 
a suitably inscribed plaque has yet to mark this hallowed 
location, but if, meanwhile, there are any other survivors 
from among those who gathered there, who have not yet 
made their ghostly exodus from planet Earth. 

P.E. CLEATOR 
Cheshire 


Askham,C.H.L. 
Binns, H.C. 
Chambers, R.S. 
Cleator, P.E. 
Davies, J. 

Free, J. A. 
Heaton, A.C. 
Johnson, I_). 


McNab,T. 
Raymond, N.E.M. 
Roberts, E. 

Thiele, R. (Senior) 
Thiele, R. (Junior) 
Toolan, J. 
Weedall, N. 


I must also place on record that a mere decade and a half 
later found me lamenting in print that according to the cur¬ 
rent Annual Report and List of Members, of those above 
mentioned, I alone remained actively associated with the 
organisation, or was at any rate condescending enough to 
pay his dues. 

I advance a number of possible reasons to account for this 
mass defection. For one thing, the transference of Society 
Headquarters from Liverpool to London in 1937 necessarily 
entailed a loss of involvement, and hence motivation, on the 
part of some members of the original administration. For’, 
another, this loss was intensified when, with the outbreak of 
war two years later, the BIS entered into a period of dor¬ 
mancy for the duration of hostilities, a state of inanimation 
hardly conducive to the sustaining of interest among its 
former supporters. And for a third, by the time the conflict 
ended, several of the founder members, impatient, perhaps, 
of achieving their interplanetary aspirations during their 
born days, had departed this life for cosmic destinations 
unknown. 

Such was the situation in 1948, since when the incidence 
of death-bed defection has inexorably continued, to the 
extent, so the mathematics of probability suggest, that the 
band of 15 initiates must by now be close to extinction. That 
melancholic day, however, is not quite yet, for there would 
still appear to be one or two of us around. Evidence of this 
was unexpectedly provided recently when I answered the 
telephone to hear a voice enquire whether I was P.E. Cleator. 
On my admitting the offence, the caller then asked if the 
name Binns meant anything to me, to which I replied that if 
the accompanying initials were H.C. then it most certainly 
did. j 

So it came about, after a lapse of half a century or so, I 
found myself in conversation with a long lost associate of the 
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Martian Calendar 

Sir, I read with interest the article 'Martian Standard Time" 
byThomas E. Gangalein the June 1986 edition of JBIS. 

I should point out that there is a fairly extensive prior liter¬ 
ature on this subject. Dr. Robert Richardson (one of the first 
astronomers to risk his reputation by suggesting that there 
might be something to this space travel nonsense) - wrote 
an article in the August 1947 Astounding Stories called "A 
Calendar for Mars." He quotes an earlier paper by Dr. Robert 
G. Aitken, Director of the Lick Observatory who recom¬ 
mended a sixteen month calendar with 41 and 42 days in 
alternating years, which would provide a perpetual calendar. 

Sometime in the 1950s Dr. Atheistan Spillhaus made a 
beautiful "Mars Chronometer" which was exhibited in vari¬ 
ous planetariums. There must be many descriptions of this- 
perhaps in some early copies of the JBIS. 

I touched on one aspect of Martian Chronology in my 
short story "Trouble with Time", printed in "Tales of Ten 
Worlds." 


ARTHUR C. CLARKE 
Colombo, Sri Lanka 

SET! and the In Proximity School of Thought 

Sir, In SETI and the Mind (Spm&Sgfrt, February 1987, p.79) 
W.l. McLaughlin failed to point out why the radioastronomy 
school of thought regarding extraterrestrial intelligence (ETI) 
has been assigned low plausibility by many, forcing the in¬ 
proximity (IP) school of thought into prominence. The former 
presumes that the technology of ETI will never advance 
much beyond what we foresee for ourselves in about two or 
three centuries - the.time typically estimated when we will 
be embarking on our first interstellar journey via world-ship. 
The ETI, no matter how many tens of thousands of years 
advanced over us, would never be able to undertake much 
exploration or colonisation. Hence, Earth remains unde¬ 
tected by them it is argued, even though roughly a million 
independently evolved species of advanced ETI are typically 
estimated to exist within just our own galaxy. 

The IP school of thought, on the other hand, allows for 
continuing breakthroughs and advances in many branches 
of science, some of them new, and in technology, so that the 
capabilities of advanced ETIshould appear indistinguishable 
from magic to us (A.C. Clarke's law). It allows for a continuing 
desire for increased knowledge, and hence in exploration of 
the galaxy, within any one ETI species for hundreds of 
thousands of years. It allows for the likelihood that the 
applied level of ethics of most advanced ETI will be at least 
somewhat higher than our own. It then follows that Earth has 
not escaped present detection by ETI, nor escaped past visi¬ 
tations. Various hypotheses have then been put forward in 
the'astronomical literature to explain why we have not been 
officially contacted by some of these ETI. These include the 
quarantine, embargo, nursery, laboratory and wildlife- 
refuge hypotheses. They are overlapping and complimen¬ 
tary, so that several, not just one, may apply. 

Thus, with the IP school of thought no special pleading is 
needed which invokes quickly failing ETI technology in the 
field of galactic transportation or mobility. No special plead- 
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ing is needed which invokes a total lack of ETI concern for 
special treatment of rare emerging societies like ours. 
Although the IP school of thought predicts that SETI will not 
succeed, it predicts that interesting events will occur as the 
embargo is finally lifted. 

With the IP school of thought, the epistemology of’ 
advanced ETI is seen to be far ahead of human epistemology. 

JAMES W. DEARDORFF 
Oregan State University 
USA 

Einsteinian Polycentric Theory 

Sir, According to A.T. Lawton ("Copernican Fleliocentric 
Theory", Spaceflight, March 1987, p.92): "Bradley [disco¬ 
vered annual stellar aberration] killed pre-Copernican 
planetary theories, Bessel [discovered annual stellar paral¬ 
lax] just buried them." If Bradley and Bessel really did so, 
they did it in vain, because Einstein resurrected these very 
pre-Copernican planetary theories, and they are alive and 
well today. This is proven beyond any doubt by the following 
pasage from A. Einstein and L. Infeld's The Evolution of 
Physics (Cambridge University Press, 1938, p.224): 

Can we formulate physical laws so that they are valid for 
all coordinate systems (cs), not only those moving 
uniformly, but also those moving quite arbitrarily, rela¬ 
tive to each other? If this can be done, our difficulties will 
be over. We shall then be able to apply the laws of nature 
to any cs. The struggle, so violent in the early days of sci¬ 
ence, between the views of Ptolemy and Copernicus 
would then be quite meaningless. Either cs could be 
used with equal justification. The two sentences, "the 
sun is at rest and the earth moves ", or “the sun moves 
and the earth is at rest", would simply mean two diffe¬ 
rent conventions concerning two different cs. Could we 
build a real relativistic physics valid in all cs; a physics in 
which there would be no place for absolute, but only for 
relative motion? This is indeed possible! 

Is it not high time, in this space age of ours, that people 
caught up with 20th century science? 

T.S. HARRISS 
London 


A.T. Lawton replies: 

T.S. Harriss raises an interesting view but in quoting the 
Einstein text he misses the point and confuses Local Frames 
of Reference (LFR) with Global Frames of Reference (GFR). 
Whilst the latter may include the former it does not supplant 
or invalidate it - provided the LFR is used in correct context 
-which it was in my note about Bradley. 

It may come as a surprise that very little in the way of Eins¬ 
tein References need be applied to the Solar System itself. 
Apart from the motion of Mercury (47 arc seconds/century) 
and the immediate vicinity of the Sun, most of the Solar Sys¬ 
tem can be accurately treated (for practical purposes) as 
being ruled by Newton simply because it/’san LFR. 

Only when one starts moving to encompass larger dis¬ 
tances does Einstein's GFR become really important. When 
discussing the origin of the Universe, Einstein's GFR (and its 
derivatives) are indispensable. Horses for courses! 

Incidentally Einstein was not the infallible 'god' so popu¬ 
lar to many. He did not believe in Quantum Mechanics and 
protested that 'God does not play dice'. 

To this Stephen Hawking (authority on Black Holes) deli¬ 
vered the famous riposte "God not only plays dice. He 
throws them into places we cannot even see". In truth, if still 
alive Einstein would possibly regard much of the work of 
modern latter 20th century physics as bluntly heretical, and 
probably would not understand it. 


Mir Docking Ports 

Sir, I was very interested in your recent article about the Mir 
space station in the March 1987 issue of Spaceflight and in 
particularthe photograph on page 105 which shows the for¬ 
ward docking ports. These appear to have replaced the EVA 
airlock on the Salyuts, so must the cosmonauts use the 
Soyuz orbital module for "space walks" and if so I wonder 
why the Salyut stations ever had airlocks? Can any reader 
enlighten me on these points? 

G. COVELL 
Tyne and Wear 


Soviet 'Star Modules' 

Sir, Without getting into facts and figures can someone 
please help me regarding the similarities of the Soviet Salyut 
Military Space Stations and the Star/Cosmos Modules? 

I have always been quite content believing that the two 
designs were one and the same, yet to the best of my ability 
I cannot find a reference to this effect. 

Is it all too easy to assume that the Soviet Military Salyuts 
(i.e. 3 and 5) have been utilised today under the cover desgi- 
nations of Star Modules Cosmos 1267, 1443, 1686? 

If this is true, and I believe it is, then we will never see the 
interiors of these modules as was the case for Salyuts 3 and 
5. 

If on the other hand I am wrong, please can someone tell 
me so and I shall thank them now for solving this perplexing 
question. 

LEE CALDWELL 
Bristol, England 


The following information has been provided by Mr. Rex Hall 
concerning Soviet module type craft: 

Salyut 3 and 5, the so called Military Salyuts, are believed to 
be designed differently from the modules. Military Salyuts 
were the forerunners of the modules. In the Kosmonautica 
Encyclopedia (published 1986, p.438) it was disclosed that 
Academician N.V. Chelomei was the Designer of Salyut 3 and 
5 as well as Cosmos 1267, one of the four module type craft 
that have flown. 

The four modules that have flown to date represent a type 
of vehicle that has been designed and flown in different con¬ 
figurations to serve several purposes. They are a heavy 
freighter, a space tug or for use as research or production 
modules. 

Cosmos 929 was a test vehicle to verify performance charac¬ 
teristics. 

Cosmos 1267 was in a space tug configuration. 

Cosmos 1443 was flown in the heavy freighter mode with a 
returnable capsule. 

Cosmos 1686 was designed as a module to test effectiveness 
as a multi-purpose orbital module. 

The next to be launched will be a module type which will 
be the Astrophysics 'Roentgen' module to goto Mir. This will 
be in the same series as Cosmos 1686 (Ed. The Astrophysics 
'Roentgen' Module was launched subsequent to the receipt 
of this letter, see page 183.) 

We have seen only a few photographs and these were 
very fuzzy photos from the inside of Salyuts 3 and 5. The Cos¬ 
mos modules have been covered even less in recent Soviet 
publications and only one picture can be positively identified 
as coming from a module type craft. A cutaway diagram of 
Cosmos 1443 - Salyut 7 was released in the Soviet Union 
magazine and shows much of the design features. 
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Knocking Space 

Sir, I support Tony Devereux's concern ( Spaceflight, April 
1987, p.170) for the low standard of uninformed treatment of 
space in the nation's press. Norman Stone in an article enti¬ 
tled 'Brainless talk about the brain drain' (Daily Telegraph, 
March 26,1987) writes: 

“The enormous sums of money which have gone into 
the really spectacular pieces of scientific research, such 
as space exploration, have resulted in only one piece of 
technology in general use - the non-stick saucepan. “ 

One day this old 'chestnut' will doubtlessly be laid to rest 
But not yet apparently. Space technology is in the process of 
reshaping the future of the world through global communi¬ 
cations, Earth observation, new initiatives in peaceful inter¬ 
national cooperation and numerous benefits to medicine 
and other fields of application. Yet to the general public, the 
picture so often presented by the media is that of a non-stick 
frying pan, which apparently is now a non-stick saucepan. 

P.R. FRESHWATER 
Oxon 

Balloon-suspended Rockets 

Sir, Dr. William McLaughlin ( Spaceflight , February 1987, 
p.79) states that Project Far Side demonstrated the capability 
of launching a balloon-suspended rocket. Actually, small 
sounding rockets were launched from high-altitude balloons 
in August 1952, more than four years prior to the Far Side 
flights, these so-called rockoons were developed by a Uni¬ 
versity of Iowa group led by Dr. James Van Allen following a 
suggestion by Lt Lee Lewis, U.S.N. in 1949 [1], The rockoon 
was intended to satisfy the need for an inexpensive sounding 
rocket that could be launched from remote locations. Such a 
capability was particularly desirable for Van Allen's investi¬ 
gation of the variation of cosmic-ray intensity with 
geomagnetic latitude. 

The development of the rockoon is described in [1], The 
vehicle selected was the Deacon, a small solid-propellant 
rocket capable of reaching an altitude of no more than 
100,000 ft when launched from sea level. Tests of a modified 
Deacon, including launches from a simulated balloon sus¬ 
pension, were carried out in June and July 1952 at White 


6 June 1987, 10 am to 5 pm Symposium 

THE 

SOVIET 

SPACE 

PROGRAMME 


Offers of papers are invited. Society members with a 
special interest in the Soviet Space Programme are 
invited to attend the symposium to be held at the BIS 
HQ, London. 

☆ ☆ $T 

A registration fee of £5.00 is payable. Forms are availa¬ 
ble from the Executive Secretary, British Interplanetary 
Society, 27/29 South Lambeth Road, London SW81SZ. 
Please enclose a stamped addressed envelope. 


Sands, New Mexico. No actual rockoons were flown due to 
range safety considerations. The first test series of seven roc¬ 
koons was launched from the US Coast Guard cutter 
"Eastwind" near the northwest coast of Greenland. The first 
two flights on August 21 and 23,1952 were unsuccessful due 
to the failure of the rockoon's engine to ignite. A third flight 
succeeded on August 28, achieving an altitude of 200,000 ft 
after launch from the balloon at 38,000 ft. Four more succes¬ 
ses soon followed, one of which travelled from 57,000 to 
295,000 ft on August 29. Each rocket carried a 30 lb payload. 

A series of 23 flights was conducted a year later, with 
launch altitudes as high as 83,000ft and peak altitudes reach¬ 
ing 340,000 ft. The rockoon then went on to achieve a fair 
degree of popularity before replacement at the end of the 
1950's by satellites and improved ground-launched sound¬ 
ing rockets [2]. 

JOHN DORSEY 
Illinois, USA 

Rofemcas 

1. James A. Van AJIen and Melvin B. Gottlieb, "The Inexpensive Attainment of 
High A/mudes with Balloon Launched Rockets" in Rocket Exploration of the 
Upper Arm^ph^re. eds. R.L.F. Boyd and M. J. Seaton, Interscience Publishers, 
Inc.. New Yort. 1554. pp. 53-64 

2. William R. Corliss. NASA Sounding Rockets 1958-1968: A Historical Sum¬ 
mary, NASA. Washington. DC, 1971, p.27. 


Shuttle Escape Ideas 

Sir, J.S. Anderson's letter published in Spaceflight (Feb. '87, 
p.49) asks for comment on the proposal of fitting small roc¬ 
kets on the Shuttle Orbiter's wingtips to "pull the Orbiter 
away from the stack". I feel this would not be feasible, as 
stresses produced when the Orbiter attempts to orientate 
itself for a landing from the "heads-down" position it is in 
during ascent would break the Orbiter apart. The chances of 
making a successful return to launch site would be slim or 
non-existent. 

TONY ELLIOTT 
Southampton, England 


Coat of Arms 

Sir, I wish to extend my congratulations to the Society and 
especially the Council on the grant of a coat of arms by the 
College of Arms. The design is both striking and distinctive 
and will prove an inspiring figure-head to the Society's for¬ 
mal intentions. 

The Comet badge is of course most appropriate, and it 
begs the question does the Society intend to have any lapel 
or tie pin badges made up to this design? I am sure they 
would prove popular. 

DOMINIC EARL 
Plymouth, England 


Sir, I have just read the March edition of Spaceflight and was 
delighted to find that the Society has obtained a grant of 
arms. As a heraldic enthusiast, I have always advocated the 
desirability (if not the duty) of societies such as the BIS 
obtaining arms, and I would like to congratulate the Council 
on taking this step. The design is a fine example of English 
heraldry, I particularly like the design of the arms themselves 
which successfully combine the traditions of both the Soci¬ 
ety and heraldry. 

C.M. HEMPSELL 
Herts 
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More Space for SPACE 

Launch of £80,000 Building Appeal 


The Society is running out of space! That is spaceat 
its Headquarters Building which it has occupied since 
May 1979. The Society urgently needs to extend its 
operations and facilities in support of the rapidly 
increasing developments in Space with which it is 
involved. 

Planning permission has recently been granted to the 
Society for an extension to its premises as shown by the 
shaded area on the diagram on the form below. The project 
is very modest in terms of the amount of construction work 
to be undertaken, but... 

As a non-profit making Registered Charity, the Society 
expends all its income on services to members and in sup¬ 
port of its wider role of promoting space and astronautics 
internationally. It now asks members, organisations and the 
public at large to recognise its urgent need for 'More Space 
for SPACE' by contributing to its £80,000 Building Appeal 
Fund. 

The generosity of members and others has been a vital 
factor in the Society's growth over past years. Yet again we 
reach another step in the Society's progress which must be 
taken without delay. 

All contributions to the Society are now being allocated to 
its £80,000 Building Appeal Fund, unless expressly 
requested otherwise, and construction will start as soon as 
adequate funds are in hand. Regular Progess Reports on the 
project will appear in future issues of Spaceflight. 

Every extra contribution is one step nearer to the comple¬ 
tion of this essential project. Please use the form below or 


enclose a covering letter with your contribution. The Society 
will be pleased to send you, if requested, a copy of its newly 
available Brochure Guide to Aims and Activities. Your con¬ 
tribution will be most gratefully received and acknowledged. 

EXTRA ISSUES OF 1 SPACEFLIGHT' 

Arrangements are in hand for the publication of two 
supplementary issues of Spaceflight for the two months of 
the year (July and October) when the magazine would not 
otherwise appear. 

These issues will be devoted to articles on a range of 
space topics and provide a valuable addition to the ten regu¬ 
lar issues of Spaceflight which members normally receive. 
The extra supplements will also conveniently fit into the 
annual Spaceflight binders for these are designed to accom¬ 
modate up to 12 issues. 

Those members who have already remitted £4.00 (or 
US$6.00) for the two issues of Space Education in 1987 will 
now automatically receive the two supplementary issues of 
Spaceflight in lieu of Space Education, publication of which 
will be suspended, the last issue being Voi, 1. No. 12, dated 
Autumn/Winter 1986/7. Articles and reports relating to space 
education will now be re-allocated to the July or October 
Spaceflight supplements. 

All other members can secure the July and October 
Spaceflight supplements by post by simply writing to the 
Society by June 15 and enclosing a remittance of £4.00 
(US$6.00). 

30 YEARS OF THE SKY AT NIGHT' 

Our congratulations to Patrick Moore, Fellow of the Soci¬ 
ety, on the 30th anniversary of 'The Sky at Night' TV prog¬ 
ramme. 

The long run of this programme under Patrick's direction 
speaks volumes for his contribution to public awareness and 
interest in astronomy and space exploration. Into an essen¬ 
tially astronomical programme, he introduced the new 
dimension of space research with coverage of the various 
* lunar and planetary programmes. 

With the arrival of Halley's comet in 1986, the telescope 
and spacecraft had a common target and Patrick's musical 
talent also shone forth with his composition of a march 
named after the comet. The anniversary is gladly reported by 
Spaceflight as Patrick was the magazine's first editor in 1956. 



The Headquarters of the Society 

"Y our generous support will help our building programme to go ahead without delay" 
Charity Commission No 250556 Rex Turner, BIS President 1985/7 


I have pleasure in enclosing a contribution* towards the Society's Building Appeal of £ 
I would like to receive a copy of the Society's Brochure 'Guide to Aims and Activities' 


$ 


□ 


NAME_ 

ADDRESS 


£80,000 is urgently required for an extension to the Society's 
premises to enable its operations and facilities to support 
today's increasing developments in space. 


•Payments from UK may be made - 

(a) By cash, postal order or cheque made payable to Bli 

(b) By GIRO. Our GIRO account number is 53 330 4008 
Payments from abroad may be remitted as follows - 
(a) From Europe the easiestway is by GIRO transfer. 


Proposed extension 
on two floors. 


(b) By Eurocheque with the account number written on the reverse side. 

(c) By US dollar cheque drawn on a Bank with an address in the USA. 

(d) US dollar notes. 

(e) Members may instruct their Banks to remit directly to the Society. 

(f) US or Canadian money orders payable in Sterling 



._ / n 

mm 

1 

1 


No. 27 

No. 29 


South 


Lamboth 


Rd. 


Send to: The Executive Secretary, The British Interplanetary Society, 27/29 South Lambeth Road, London, SW81SZ, England. 
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MEETINGS DIARY 


Society meetings unless otherwise stated are held in the 
Society's Conference Room, 27/29 South Lambeth Road, 
London SW8 1SZ. Meetings are restricted to Society mem¬ 
bers unless otherwise stated. Tickets should be applied for 
in good time by writing to the Executive Secretary at the 
above address. Members may bring one guest. 

29 April 1987 Symposium 

FUTURE SPACEPLANES 

This symposium, which is open to both members and 
non-members of the Society, will be held in the Conference 
Room, MillbankTower, Millbank, London, SW1. Registration 
opens at 9 am and the symposium will begin at 9.30 am 
Registration forms are available from the British Interplanet¬ 
ary Society, 27/29 South Lambeth Road, London, SW8 1SZ, 
England. 

PROGRAMME 

Morning Session (Chairman: Mr. G.W. Childs) 

Introduction 

J. Leeming (BNSC) 

History of the Aerospace Vehicle 

Dr. E.J. Becklake (Science Museum) 

Ariane V/Hermes 

(Speaker to be announced) 

Hotol Update 

Dr. R.C. Parkinson (BAe) 

TheTwo Stage Sanger Space Transport System 
Dr. D.E. Koelle & Dr. H. Kuczena (MBB) 

Afternoon Session (Chairman: Mr. C.H. Martin) 

Improved NASA Space Transportation System: 

Flight Resumption Plans 

Dr. D. Baker (Sigma Projects) 

Titan 

R.A. Chamberlain (Martin Marietta) 

Japanese Spaceplane Studies 
(Provisional) 

Jarvis 

E. Bandsung (Boeing) 

EconometricSystems and Mission Analysis of the NASA Shuttle 
Dr. D. Baker (Sigma Projects) 

The Soviet Space Shuttle Programme 
A.T. Lawton 

The meeting is scheduled to close at 17.00 hrs. 

6 May 1987, 7-9 pm Lecture 

REVIEW OF THE SOVIET SPACE 
PROGRAMME 

by P.S. Clark 

For more than a decade, in terms of launch rates, the Soviet 
Union has dominated space activity. Many aspects of its 
space programme are shrouded in secrecy but a careful 
study of public information allows insights to be obtained 
into Soviet space programmes. Phillip Clark has been 
analysing the Soviet Programme for nearly two decades, and 
will present a review intendedforthe non-specialistof recent 
development and the future direction of the programme. 

Admission by ticket only. 


10-17 October 1987 Congress 

38th IAF CONGRESS 

Invited lectures. Symposia and over600technical papers will 
be presented. To be held at Brighton, England, hosted by the 
British Interplanetary Society. To go on the mailing list for 
free information send your name and address to: "38th IAF 
Congress", The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ, England. 

13-15 October 1987 Exhibition 

SPACE 87 

SPACE '87, an International Exhibition of Space 
Technology will be held jointly in Hall six of the Metropole 
Hotel, Brighton and in the nearby Brighton Centre. It is open 
to Society Members and Members of University or 
Polytechnic Departments on any of the above dates. 

Admission tickets will be required for those who are not 
registered participants at the 38th IAF Congress which will be 
held concurrently at the same venues. Tickets may be 
obtained, free of charge, by applying tothe Society enclosing 
a reply paid envelope. Each member of the Society is also 
entitled to bring one guest, in which event a second ticket 
should be requested. 

15 October 1987 

SPACE '87 - Education Day 

Teachers wishing to arrange visits by school parties to 
SPACE '87 on this date should contact the Society. 

17 October 1987 

Technical Visits 

The Society has arranged two all-day technical visits to 
take place on Saturday, October 17,1987 as follows: 

Tour 1: The National Remote Sensing Centre, Farnborough 
and the Meteorological Office, Bracknell. 

Tour 2: The Rutherford Appleton Laboratory, Didcot and the 
UKAEA Culham Laboratory. 

Each Tour includes the provision of luncheon and 
transport by private coach to and from Brighton, with a stop 
on the return journey at Victoria Station for those wishing to 
disembark in London. The Tours may be joined either at 
Brighton or at the first organisation visited. 

Members of the Society can apply for a place on either of 
these visits by writing to the Society enclosing the 
appropriate fee: (Tour 1, £22.50; Tour 2, £17.50). Members 
who will be attending the 38th IAF Congress should apply on 
the Congress Registration Form, copies of which are 
available from the Society. Further details appeared in 
Spaceflight, April 1987, p.168. 

LIBRARY OPENING 

The Society Library is open to members on the first 
Wednesday of each month (except August) between 5.30 pm 
and 7 pm. Membership cards must be produced. 
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Voyager on Target 


On March 13 the engine on Voyager 2 burned for 
70.5 minutes to set the final course to Neptune for the 
encounter with that planet in August 1989. The plan to 
fly closely over the north pole of Neptune was actually 
implemented in two parts, with the engine being 
lighted first on February 14,1986, just after the Uranus 
encounter, and then on March 13,1987. 

It would have been slightly more efficient with 
respect to fuel usage to have accomplished the entire 
course change for the north-polar passage with just 
one (longer) burn, performed close to Uranus, but the 
project wanted to hold open its options for the Nep¬ 
tune flyby until a more complete analysis could be per¬ 
formed. As described in the March 1987 edition of 
"Space at JPL", that analysis validated the north polar 
passage as feasible and ofthe highest valuetoscience. 

Dr. Donald Gray, Chief of the Voyager Navigation 
Team, reported that the burn changed the spacecraft's 
speed by approximately 9.3 m/s and was the largest 
manoeuvre yet performed by either Voyager space¬ 
craft during an interplanetary-cruise phase (as noted 
above, larger burns tend to be done near a planet for 
efficiency's sake-the February 14,1986 burn changed 
the spacecraft's speed by about 21 m/s.) 

The intent was to advance the arrival time at Nep¬ 
tune by 11 hours 55 minutes and to shift the point of 
arrival by just over 21,000 km. Precise measurement of 
the course change will have to await analysis based 
upon post-burn tracking by antennae of the Deep 
Space Network. However, doppler measurements of 
the change in the line-of-sight velocity of the space¬ 
craft and telemetry returned during the burn indicate 
normal performance was achieved by the propulsion 
system, so the desired trajectory change will result. 


Two course corrections are scheduled for Voyager 2 
during the encounter period in order to tune up the 
trajectory. The first will be about 24 days before closest 
approach and, using the latest knowledge ofthe trajec¬ 
tory, will adjust the arrival conditions with a burn of 
probably a few metres per second. The last burn before 
encounter, which may be quite small, is scheduled for 
five or eight days before encounter. The five-day 
option will be exercised if it is judged that extremely 
precise targeting is necessary in order to achieve the 
dual Sun/Earth occulation feature ofthe mission (see 
the March issue). 


Neptune encounter, August 1989. 



New Results on 
Circumstellar Disks 


The Infrared Astronomical Satellite (IRAS) revealed 
that several of the stars included in its all-sky survey, 
conducted in 1983, were accompanied by cool, solid 
material: particles which were at least the size of 
grains of sand. Subsequently, one of these stars. Beta 
Pictoris, was photographed from Earth with a 2.5m 
telescope and showed a disk of encircling material. 
Recent investigations have uncovered more details 
concerning the structure of this disk and related ones 
about other stars. 

The view of stars as simple entities was not dis¬ 
turbed until 1783 when John Goodricke explained the 
regular variations in brightness of Algol by postulating 
the presence of a darker companion which periodically 
reduced the total light we see by eclipsing the brighter 
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star. The great astronomer William Herschel pub¬ 
lished, in 1803, the results of observations which con¬ 
firmed that several apparently double stars were also 
dynamically bound and, in fact, were in orbit about one 
another. 

Over the years the subject of stellar systems with 
more than one component (the Algol system contains 
three gravitationally associated stars) has flourished 
theoretically and empirically, yielding such exotic 
objects as stars that exhange mass with one another. 

A new category of stellar attendant became known 
by the 1960s when the young subject of infrared 
astronomy brought forth evidence for clouds of dust 
and gas surrounding certain stars. Measurements at 
various wavelenghts of the energy output of these 
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stars showed more than expected in the infrared. This 
so-called "infrared excess" was attributed to cir- 
cumstellar material, left over from the process of the 
star's birth from a cloud of dust and gas, which 
absorbed radiation from the star and reradiated it in 
the infrared. The young star was, in effect, wrapped in 
a cocoon. 

The subsequent discovery that in some cases the 
circumstellar material might be flattened into a disk 
was not entirely a surprise; in his 1981 book. Cosmic 
Discovery, Cornell astronomer Martin Harwitcorrectty 
predicted: "We are on the verge of discovering disks 
around stars. A picture of a disk star would look some¬ 
what like the planet Saturn with its rings". See the pic¬ 
ture of Beta Pictoris in the February 1985 edition of this 
column. 

At the January 1987 meeting of the American 
Astronomical Society held in Pasadena, astronomers 
Anneila Sargent, of Caltech (the parent organisation of 
JPL), and Steven Beckwith, of Cornell University, 
announced new results with regard to the structure of 
circumstellar disks. They employed an interferometer, 
synthesised from three 10.4m radio telescopes, at the 
Owens Valley Radio Observatory in California, to mea¬ 
sure the velocity of gaseous constituents of the disk 
surrounding the star HL Tauri. The disk of dust sur¬ 
rounding HLTauri wasdiscovered by Beckwith and his 
colleagues two years ago. Now, the interferometric 
measurements have shown that carbon monoxide gas 
is also present in the disk. This circumstance allows 
doppler-shift measurements to be made, using dis¬ 
crete emission lines of thegas,andthe corresponding 
inference of the rotational velocities of the disk at vari¬ 
ous distances from the star (the dust ring emits in a 
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continuum and, thus, such doppler measurements 
would not be possible for it). 

The exciting result obtained by Sargent and 
Beckwith is that the disk appears to be rotating with a 
Keplerian distribution of velocities (more rapidly near 
the star, slower further out), just as exhibited by our 
planetary system. This does not imply thatthe HLTauri 
disk is planetary in nature-the star is very young and 
its circumstellar dust grains have been shown to be 
smaller than those of Beta Pictoris - but the system 
could be in an early stage of planetary evolution. 

At the same Pasadena meeting, a new photograph 
of the disk of Beta Pictoris' was shown by Francesco 
Paresce and Christopher Burrows, European Space 
Agency astronomers at the Space Telescope Science 
Institute. Reflectivity studies showed that the disk is 
composed of particles larger than the wavelength of 
red light, so that these particles must have been built 
up from the much smaller interstellar grains by a pro¬ 
cess of agglomeration. Modern theories of planetary 
formation employ agglomeration as a key step in the 
process. 

Indeed, Ben Zuckerman, of the University of Califor¬ 
nia, Los Angeles, showed a photograph of the Beta Pic¬ 
toris system that provided some indications that 
comet-like bodies might be present in the disk. It is not 
known whether planets are now present in the Beta 
Pictoris system. 

Circumstellar disks are an active area of astronomi¬ 
cal research, and we can expect a continuing flow of 
new results, particularly when NASA's Hubble Space 
Telescope is lifted into orbit. With that instrument, it 
might be directly possible to image large planets of 
nearby stars, should those objects exist. 


Space Microelectronics 


The exploration of space is an adventure that 
enriches our civilisation and our scientific knowledge. 
It requires vision to put together a viable programme, 
the national commitment to provide the necessary 
resources to carry out the programme, and enabling 
technology*. The fundamental technology is abso¬ 
lutely essential; without adequate propulsion, gui¬ 
dance, and communication systems Verne and Wells 
could only chronicle our dreams. But, even today, new 
technologies must be continually created so that mis¬ 
sion planners are not unduly constrained. 

On January 21 at JPL a ground-breaking ceremony 
took place for a new Microdevices Laboratory. This 
laboratory will represent the physical aspect of the 
Center for Space Microelectronics Technology, which 
was formally established the same day by a memoran¬ 
dum of understanding between the California Institute 
of Technology (JPL's parent organisation) and NASA. 
The Center will provide long-range supporting 
research and development in advanced micro-elec¬ 
tronics for a wide range of US space-related efforts, 
particularly for NASA and Department of Defense 
space missions. Caltech faculty collaboration will be a 
principal feature of the Center. 


* Fortunately , the enthusiastic people who supply the motive force for all of this are never in 
short supply. Witness the foundation of the British Interplanetary Society in Liverpool by a 
small group of such enthusiasts or the primitive rocket experiments in California’s Arroyo 
Saco that led to the establishment of JPL. 


The concept for a thrust in microelectronics origi¬ 
nated with Dr. Burton Edelson, NASA Associate 
Administrator for the Office of Space Science and 
Applications, who requested in July 1983 that JPL 
establish the Advanced Microelectronics Program 
(AMP). The director of AMP was Dr. Carl Kukkonen of 
JPL who now serves as director for the new Center for 
Space Microelectronics Technology, which will 
replace and build upon the progress made by AMP. 
Kukkonen, who holds a doctorate in solid-state physics 
from Cornell, came to JPL in 1984 from the Ford Motor 
Company research laboratory. He describes research 
atthe Center as "very much bottom up-in some sense 
we are planting 100 flowers and seeing which ones 
flourish". Reflecting the fact that research discoveries 
can be directed but not mandated, Kukkonen says that 
his approach is to "hire smart people and expose them 
to NASA problems". 

The obvious motivation for the Center is to develop 
needed space technologies. But the question arises as 
to why such technology is not bought from industry. 
The answer lies in the expected volume of the end pro¬ 
ducts: small. Deep space missions simply do not con¬ 
sume large numbers of parts due to the low frequency 
of launches, even before the Challenger accident. 
Thus, the development costs for industry would not be 
justified by the small profits. Microdevices will be 
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This false-colour image of the region of sky around the 
constellation Orion, produced from data from the Infrared 
Astronomical Satellite (IRAS), shows a different view than 
that seenfrom optical telescopes. Thefieldextendsabout 35 
degrees from top to bottom. Intensity of different infrared 
wavelengths and thus the temperature of the emitting 
material is represented by colour: red is the coolest material 
(100 micron wavelength radiation); green is warm material 
(60 micron wavelength radiation); and blue is material at 
room temperature or warmer (12 micron wavelength radia¬ 
tion). 

Well-known regions of star formation are apparent, such 


as the Orion Molecular Cloud (large feature dominating 
lower half of picture), located in and surrounding the sword 
of Orion. The large ring in the centre of the image is a shell of 
gas swept up by the expanding gas round a hot young star. 
The plane of the Milky Way crosses the upper left corner. 
Extended infrared cirrus clouds associated with the Milky 
Way are also seen throughout the image. 

IRAS was developed by NASA, the Netherlands Agency 
for Aerospace Programmes, and the United Kingdom's Sci¬ 
ence and Engineering Research Council. JPL is the US man¬ 
agement centre for the project. The imagewas produced by 
the Infrared Processing and Analysis Center (IPAC). 
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developed at the Center through proof-of-concept 
stage and then turned over to private industry to man¬ 
ufacture. » 

The Microdevices Laboratory, a 38,000 square foot, 
three-storey structure, will house clean rooms, con¬ 
ventional laboratories, and offices for about 60 people. 
Occupancy of the $9 million building is expected in 
early 1988. All work in the Center will be unclassified, 
and research results will be presented in the approp¬ 
riate technical literature. 


Some highlights of the AMP programme, which will 
be carried over to the Center for Space Microelec¬ 
tronics Technology, include: fabrication of a detector 
for submillimeter astronomy; construction and opera¬ 
tion of a scanning tunneling microscope, developed at 
IBM (the investors received the 1986 Nobel Prize in 
Physics) and capable of magnifying 100 million times; 
an electronic newal network that imitates some of the 
characteristics of the human brain; and work on the 
Hypercube concurrent computer. 


Building a Supercomputer 


Concurrent processing is a relatively new way of 
computing. A problem is broken up into several parts 
and a subcomputer is assigned to each part. The solu¬ 
tion results from the total of the concurrent activities 
of the subcomputers. Sequential processing, the clas¬ 
sical approach to computing, addresses the parts of 
the problem serially. The Center for Space Microelec¬ 
tronics Technology, described above, is developing a 
concurrent processor which, in its fully implemented 
version, will serve as a supercomputer. 

The version of concurrent processor which the Cal- 
tech/JPL team is developing is called a Hypercube and 
was introduced in the April 1985 edition of this column. 
The subcomputers, called "nodes" in the case of the 
Hypercube, must communicate with one another via a 
set of interconnections: wires today, optical fibers in 
the future. 

For the case offournodes,the wires lie (inaconcep- 
tual sense) along the edges of the square with a node 
at each vertex. With eight nodes, the cube, a three- 
dimensional object, serves as the pattern for intercon¬ 
nections with, again, a node at each vertex. Similarly, 
in a space of n dimensions, the edges of a hypercube 
supply the conceptual templates for connecting 2 n 


nodes with wires. Mathematically it can be shown that 
this scheme implies each node will be connected to n 
neighbours. 

Most computer designers agree that supercomput¬ 
ers must employ some form of concurrent processing 
in order to continue to increase in capability. Sequen¬ 
tial machines are running into constraints imposed by 
the finite speed of electromagnetic signals. But some 
basic questions must be addressed. What should the 
nature of each subcomputer (node) be? How should 
these elements be interconnected? What program¬ 
ming techniques are most effective? These questions 
will be addressed in turn. 

Generically, three classes of solutions have been 
proposed for node definition. The first uses a few 
highly capable nodes, the second employs a moderate 
number of middle capability nodes and the third goes 
with a large number of simple nodes. The Cray 2 super¬ 
computer, the current world standard, has an architec¬ 
ture which utilises up to four Cray sequential machines 
drawing upon a common memory. The second solu¬ 
tion is exemplified by the Hypercube, which uses on 
the order of 100 nodes, each about as powerful as a 
minicomputer. The third approach, many thousand 
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simple nodes, is also under development, at Thinking 
Machines, Inc. in Boston. An advantage of using mid¬ 
dle capability nodes is that they can be instantiated 
with a mass-produced microprocessor chip at each 
node - a cheap solution. The complex or very simple 
node configurations require more customising. 

The architecture of node interconnection also 
admits, at least in principle, three graded solutions. 
One could connect all nodes to a common electrical 
bus. But the capacity of the bus would be exceeded 
before many nodes were hung on it. Another extreme 
is to connect each node directly to every other node. 
For 100 nodes this requires about 5000 wires; for 1000 
nodes the number is close to half a million wires. The 
computer becomes a block of copper! The Hypercube 
solution of interconnections is an intermediate 
architecture and has worked well in practice. 

Programming challenges for concurrent processors 
are posed because most software development, since 
the start of the computer age, has been oriented to 
sequential machines. Hence, the Hypercube project 
has adopted the motto, "A computer is only as good as 
the work which can be done on it". Twenty-five diffe¬ 
rent applications have been completed and some 40 
more are under development. The fields include 
aerodynamics, artificial intelligence, computer sci¬ 
ence, applied mathematics, earthquake engineering, 
geophysics, astrophysics, nuclear physics, and many 
more. 

The efficiency of an application is measured by 
dividing the speed-up of the calculation (compared 
with a single node) by the number of nodes. Most 
applications result in efficiencies in the range of 80 per 
cent to 100 per cent. The two primary sources of ineffi¬ 
ciency are the necessary communications from node 
to node and a load imbalance between nodes. 

Thus, a programmer must decide how to distribute 
problem assignments amongst the nodes in a way that . 
minimises both load imbalance and the need for inter¬ 
node communications. One method is "task decom¬ 
position", wherein each node works on a different 
aspect of the problem, analogous to Adam Smith's 
famous "division of labour" in economics. However, 
this method is limited by the number of subtasks that 
the original task can be broken into. 

A more effective programming approach is termed 
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"data decomposition". Here, each node stores part of 
the data in its local memory and performs all the tasks 
on only that subset. For example, an exercise in 
weather forecasting might assign a selected part of the 
atmosphere to each node. If enough data can be stored 
in each node, the computation dominates as a user of 
machine resources, not internode communications, 
and the efficiency is high. The truth of this statement 
rests upon the geometric fact that the ratio of the sur¬ 
face area of a common object to its volume decreases 
as the object increases in size; the "surfaces" of data 
structures are just those regions that must be shared - 
communicated - between nodes. This observation 
determines the correct amount of memory for each 
node. 

The Hypercube project was started on the Caltech 
campus in 1981 under the direction of Professors C. 
Seitz and G. Fox. The resulting Mark I Hypercube (Cos¬ 
mic Cube) had 64 nodes, each constituted by a 16-bit 
Intel 8086 microprocessor. This machine 
demonstrated the performance of about six of the 
popular VAX-11/780 computers. 

In the fall of 1983, the Caltech Concurrent Computa¬ 
tion Project was formally created as a joint endeavour 
between the Caltech campus and JPL, and a JPL team 
built the Mark II version of the Hypercube. One 128- 
node and four 32-node Mark II computers were built. 
The 128-node system has a performance comparable 
to about 25 VAX-11/780 machines. 

For the last two years, the JPL team has worked on 
the Mark III Hypercube. This computer utilises a 
Motorola MC68020 32-bit microprocessor at each 
node. One Mark III node, by itself, has a performance 
between one and two VAX-11/780 computers. Two 32- 
node Mark III machines are now operational. A 128- 
node Hypercube of this design should be operational 
in about two years and will serve as the Caltech/JPL 
supercomputer, with a performance in the range of a 
Cray 2. 

There are now four private companies manufactur¬ 
ing Hypercubes and about 100 such machines are in 
use around the world, most with 32 nodes. 

The ultimate capability of the Hypercube is difficult 
to forecast, but the goal is to achieve a performance 
level 100 times that of today's fastest sequential com¬ 
puters. 


The scheme for connecting the processing nodes in the Hypercube computer f or K=1,2,3, or A dimensions is exemplified in this series of drawings. 

NASA/JPL 
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Galileo 

Spacecraft 

Changes 

The Galileo spacecraft was very closeto launch last 
year when the Challenger accident occurred in 
January. The plan for the mission was to launch the 
spacecraft in May by means of a Shuttle/Centaur G- 
prime combination and arrive at Jupiter in 1988 to 
send a probe into the atmosphere and to orbit the 
giant planet for an extensive programme of scientific 
investigations. 

The Galileo spacecraft had arrived at the Kennedy Space 
Center (KSC) on December 22, 1985 by truck convoy from 
Pasadena. Preparations for launch were not terminated with 
the Challenger accident on January 28. One reason for con¬ 
tinuing was that, at first, subsequent Shuttle launches were 
obviously doubtful but not definitely cancelled. Evlen after 
launch cancellation in mid-February, preparation of the 
Galileo spacecraft was continued in order to gain valuable 
interface experience with the Shuttle and Centaur G-prime 
(neither had ever been used for a planetary launch). The plan 
was to establish a near-flight configuration for the spacecraft 
and Centaur G-prime on the launch pad with the Shuttle 
Atlantis, the specially fitted vehicle designated forthe Galileo 
launch, and then store the spacecraft at KSC until the time 
arrived to reconfigure and launch. 

Richard Spehalski, the Flight Systems Integration Man¬ 
ager for Project Galileo, described some of the launch- 
related activities in 1986; he spentthe periodfrom January to 
July at KSC. The Galileo spacecraft was placed in a bay in the 
Vertical Processing Facility in full-flight configuration, 
including tanks filled with fuel. Then it was lifted atop the 
Centaur G-prime and an interface was established with the 
Centaur stage and with simulated Shuttle electronic systems 
in the payload processing bay. The next step was to have 
been enclosure of the spacecraft and the upper stage in a 
canister prior to transfer from the Vertical Processing Facility 
to the launch pad for continuance of checkout. The whole 
procedure would have been completed in July (a slower test 
schedule was established than the original one leading to the 
May launch). But with cancellation in June of the Centaur G- 
prime as a Shuttle upper stage, the checkout procedure stop¬ 
ped just short of enclosure in the canister. 

Spehalski said that it was then still planned to store the 
spacecraft at the Cape with a few project personnel remain¬ 
ing to monitor health and environmental control. But, with 
the discovery and adoption of the mission option that 
included a gravity assist from Venus on the way to Jupiter, it 
was necessary to return the spacecraft to JPL for adaptation 
to the warmer environment at Venusian distance from the 
Sun. This new requirement necessitated extensive changes 
to the thermal design of the spacecraft. The need to prove the 
new design by testing in a space simulator forced the deci¬ 
sion to return the spacecraft to JPL. 

The project plan calls for launch in October 1989 by means 
of a Shuttle/lUS combination with one gravity assist from 
Venus and two from Earth, prior to proceeding to Jupiter, in 
order to compensate forthe loss of the powerful Centaur G- 
prime. Arrival at Jupiter is, consequently, delayed until late 
1995. See the November 1986 'Space at JPL' for a descrip- 



In this drawing, the Galileo spacecraft is shown in the configuration 
it will employ while close to the Sun; the furled high-gain antenna 
will be pointed toward the Sun. Compare with the original config¬ 
uration and note the Sun shades on the tip of the high-gain antenna 
and skirting its base. Thelongerboom has been rotated so that its 
flat side faces the Sun, and a new low-gain antenna is evident on 
the shorter boom, to allow communications with Earth during the 
time that the high-gain antenna is Sun pointed. NASA/JPL 
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The Galileo spacecraft is shown in 
this drawing by Ken Hodges as it was 
configured for flight after the May 
1986 launch, cancelled as a result of 
the Challenger accident. NASA/JPL 


The Galileo spacecraft (origi¬ 
nal configuration) is shown 
with its high-gain antenna 
furled. NASA/JPL 


tion of the flight path, which is often referred to as the 
“cruiser" mission due to the significant amount of time spent 
in interplanetary cruise. 

Travel can be a traumatic event for humans. It definitely 
poses problems for a spacecraft: security, environmental 
control, communications, and road hazards. The transfer 
vehicle contains temperature and humidity controls and 
monitoring devices that are displayed in the driver's cab. The 
environmental control system has several back-up diesel 
generators to prevent power failure. Dynamic alarms warn 
against rough roads and insure that a part could not come 
loose during the trip without the immediate knowledge of 
the driver. 

The convoy arrived at JPL on February 21. Three tasks 
faced the spacecraft engineers: (1) provide and test modifi¬ 
cations necessary for the new mission, (2) fix a few problems 
that had arisen on the spacecraft, and (3) examine ail subsys¬ 
tems and instruments to insure that they are qualified for the 
longer lifetime required for the cruiser mission. The first 
priority was to begin the thermal redesign. Thermal control 
is provided by heaters placed at strategic locations, by ther¬ 
mostatically controlled louvres, and by thermal blankets 
wrapped on the exterior of the spacecraft. In addition, Galileo 
needed to add sunshades to its thermal armamentarium. 

Thermal blankets were originally present on the spacec¬ 
raft but had to be redesigned for the new environmental con¬ 
ditions. Fitting thermal blankets to a spacecraft is somewhat 
like fitting a suit to a human, according to Spehalski. After 
visual inspection, and bearing in mind the design require¬ 
ment of maintaining the same internal spacecraft tempera¬ 
tures as for the original mission, paper and masking tape 
were used to define the shape of the outer surface of the 
spacecraft: "patterning" for the new thermal blankets. This 
activity is currently underway. The next step is to cut the ther¬ 
mal blanket materials with the aid of these patterns or 
hardboard templates. Blankets are composed of many layers 
of various thin materials, such as aluminised mylar, which 
act as radiation shields.to reduce heat transfer through the 
"blanket. After cutting, the layers are stitched together to yield 
the blanket. 

When the Galileo spacecraft is inside the Earth's orbit, it 
will have its high-gain antenna closed into a pod-like shape 
and pointed toward the Sun. A small shade at the tip of the 
antenna will protect it from the Sun, and a larger shade will 
fit as a skirt around the base of the antenna in order to shield 
the main body of the spacecraft from the Sun's rays. A few 
smaller shades will be placed at selected locations. 

The spacecraft's long magnetic boom is wrapped in an 
electrically conducting blanket to protect against electrosta¬ 
tic discharge. For the cruiser mission this structure, which 
has a triangular cross section, will be re-wrapped and rotated 
180 degrees from its original position to present a flat side to 
the Sun. This orientation minimises solar reflections into the 
optics of sensitive instruments and also provides a more 
thermally satisfactory environment for the boom. 

With the spacecraft's high-gain and low-gain antennae 
pointed toward the Sun during a portion of the mission, it is 
necessary to add another low-gain antenna to the vehicle, on 
the aft hemisphere, in order to maintain communications 
with Earth. Before the final leg to Jupiter, the cruiser mission 
will yield incursions into the asteroid belt. Atthesetimes, the 
space-craft being outside the orbit of Earth, the high-gain 
antenna can be unfurled during passage by an asteroid in 
order to allow the return of the requisite amount of scientific 
information. 

Several other hardware modifications are planned and 
new flight software is being produced for the onboard com¬ 
puter. 

Following the changes, the spacecraft will be tested in the 
solar-thermal-vacuum chamber at JPL in July and August of 
1988. It will be shipped back to KSC in mid-May of 1989, its 
long residence on Earth nearly at an end. 
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ture Spaceplanes 


The Hermes spaceplane 'lower left' is an ESA project at the stage of technological 
assessment prior to development Like the US Shuttle it is intended to be launched 
vertica.'y by conventional rocketry in this case the Anane 5 

Only spaceplanes that climb to orbit aircraft-like, from a horizontal take-off are 
‘ikely to offer the lower costs and operational success needed for developing space 
in the 21st century The proposed US aero spaceplane is pictured here in its climb to 
an orbital space station and the Hotol vehicle is seen in the distance 

In this issue. Spaceflight provides a spei ■ eport on the current status of space¬ 
planes based on information presented at ‘ British Interplanetary Society's inter 
national symposium Future Spaceplane d in London on April 29, 1987 Atten¬ 
dees numbered over 100 and included representatives from UK, France. Germany, 
Japan, the USA and the USSR 



* 






Future Spaceplanes 


The UK may look for alternative 
means of funding Hotol studies 
and its future development if the 
European Space Agency does not 
agree at a ministerial meeting in 
the autumn to embrace the pro¬ 
ject. 

Speaking at the British Interplanet¬ 
ary Society's "Future Spaceplanes" 
Symposium in London, Mr. Jack Leem- 
ing, BNSC, Director of Policy and Prog¬ 
rammes, said the meeting of European 
Ministers was now scheduled for 
October or November instead of the 
early summer. 

"We don't take the view that this 
country can afford Hotol on its own so 
we have proposed that it be 
'Europeanised' within the FESTIP (Fu¬ 
ture European Space Technology 
Infrastructure Programme)," he told 
the delegates. 



Mr. JackLeeming. 


"I hope it is agreed at the ministerial 
meeting later this year that a three to 
four year programme to analyse relev¬ 
ant technologies and funded at 
adequate levels is started within ESA. 
"We are at a stage where no country 
has a right to lay out the future of space 
transportation and studies should be 
carried forward in an integrated way." 

But he warned: "If not, we will have 
to examine the possibility of funding it 
domestically in the way the French and 
Germans do when a project is not 
accepted fully by ESA." 

Earlier, in hisopening address to the 
Conference, Mr Leeming said it was 
very easy to be pessimistic about fur- 
ture launchers in view of the failures in 
the West during the last 12 months. 

"I must congratulate the British 
Interplanetary Society for its foresight 
in looking beyond our immediate prob¬ 
lems. Today we are looking into the 
next century", he stated. 

Mr. Leeming said the way forward 
was for a safer and more routine basis 
of getting into space coupled with a 
dramatic lowering in cost. 

"Only if we achieve both of these 
together are we really likely to open up 


near Earth orbit in the next century for 
commercialisation and scientific pur¬ 
poses. 

"Another lesson of the past is that 
depending on one system is a rather 
hazardous business - a single launcher 
or a single country for launcher design 
is something we should think carefully 
about. 

"We should collectively look to see 
what the requirements for launchers 
are, what the competition will be and 
what the need is for ESA if we are to 
maintain autonomy in this field," he 
added. 


Depending on one system is a 
rather hazardous business. 


Mr. Leeming concluded that Europe j 
should be ready to make a decision in 
the early part of the next decade as to 
what kind of launcher it should develop 
to start operations in the 2005 and 2010 
period. 

Hotol 

The importance of Hotol was explained 
by Mr. G.P. Wilson pf British Aerospace 
(Warton) in terms of the expected 
doubling every 10-15 years of the pre¬ 


sent 2001 per annum of payload placed 
in orbit. Space Shuttle launchings at 12 
per year will carry 250 t per annum to 
orbit and expendable vehicles can be 
expected to carry a further 200 t per 
annum, so by the end of the century 
more launch capacity will be needed. 

Current launchers have serious dis¬ 
advantages. They are inflexible with 
'choke points’ in the ground assembly 
such that one hold-up can delay the 
whole fleet. Also they are too expen¬ 
sive, expendable vehicles being com¬ 
pletely lost and the Shuttle, although 
reusable, requiring some 5000 ground 
personnel. 

Future needs are for a cost-effective 
means of transport with aircraft-like 
operating o^iatality and a single 
payload dts>gn to avoid the delays that 
arise with multiple payloads. Hotol 
meets these mpireients. 

Compand with the Space Shuttle, 
Hotol has the sane body diameter and 
twice the len^h being comparable 
with that of the Sunte's external tank. 
Its thmst-to weight is 0.6 compared 
with 1 5 for the Stvmle. 

At the ptsot time, work on the 
' Proof-of-Ox utt avdie; which are 
being jointly spiaued by BNSC and 
Industry fBroish < etapaa and Rolls 
Royce) is we* underway. 

Tests on eipaing models of 


The essence of a spacepiane is to provide a cost-effective and safe means 
of transporting men and hardware into krw-Eartb orbit. O tdydthese objec¬ 
tives can be achieved will the way be opened for the M»i amrrnnerdaiisa- 
tion and exploitation of near-Earth space. _ 


Hotol makes a runway 
landing after a routine 
mission to orbit in this 
impression by space 
artist Ian Moule. 
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The illustration above shows a possible scenario for future Soviet manned operations in near-Earth orbit. The basic block consists of a Mk II 
Mir Space Station, larger than the current Mir, with various modules and extensions attached to the docking ports. Also depicted docked to a 
lateral port is a Soviet Shuttle craft. In his paper "The Soviet Space Shuttle Programme " Mr. Tony Lawton said the Shuttle had undergone six 
firings to date and was "almost ready to go He surmised that the first flight would be entirely automatic. 


Hotol have now been carried out by 
British Aerospace in four wind tunnels 
up to Mach 5.5 including the 4.0 ft 
supersonic tunnel at Warton, where a 
1/76 th scale model has been tested to 
Mach 3. Independent tests are also 
being conducted on,wind tunnel mod¬ 
els at Southampton University up to 
Mach 8.7. 

Hermes 

Following the Challenger accident a 
reappraisal of Hermes safety require¬ 
ments has been undertaken leading to 
a redesigned configuration with an 
ejectable crew cabin of increased vol- 
umn and mass. It would be effective 
from lift-off with crew acceleration not 
exceeding 7g. To increase abort safety, 
an additional propulsion stage has 
been included in the conical adapter 
connecting Hermes to the Ariane 5 
launcher. 

In describing these changes, M. 
Cretenet of CNES explained that trade¬ 
off studies were now in progress to 
enable the original performance objec¬ 
tive of placing a 21 t He rmes in a 500 km 
orbit to be achieved and to dock with 
the Mir or other space stations. The 
Hermes docking interface is in the tail. 

The effect of the design changes on 
the forthcoming development prog¬ 
ramme for Hermes is difficult to say at 
the present time, said M. Cretenet, but 
the 1995 launch date may be delayed 
by one or two years. 


HOPE He said the studies had involved the 

Details of Japanese efforts in the consideration of five variants: 
spaceplane arena Were given by Mr. 

Toshio Akimoto, of the National Space • A 10 ton unmanned spaceplane 
Development Agency of Japan (U1) capable of lifting a three ton 

(NASDA), in a paper entitled "Concep- payload. 

tual Studies on the H-ll orbiting Plane". • A 10 ton manned spaceplane (Ml) 
As implied in the title, the Japanese. capable of orbiting a crews of two 
spaceplane, HOPE (for H-ll Orbiting and a one ton payload. 

Plane), is planned for launch atop the • A 20 ton manned spaceplane (M2) 
H-ll booster in a similar fashion to capable of carrying four crew and 

Europe's proposed Ariane V/Hermes four tons of payload, 

configuration. • A 29 ton manned spaceplane (M4) 

with a crew of two and a one ton 

Mr. Akimoto outlined the concep- payload, plus internal propulsion, 

tual studies being undertaken in Japan • A 10 ton manned spaceplane (Ml J) 
for a vehicle which would undergo its with a jet engine two crew members 

first flight test in 1995. and a one ton payload. 
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Those currently involved in these 
studies are: Boeing, General 

Dynamics, Lockheed, McDonnel Doug¬ 
las and Rockwell International. 

The X-30 project, being funded 
jointly by the US Department of 
Defense(80percent)and NASA(20per 
cent), will have both military and civil 
applications. User studies are currently 
concentrating on three areas: recon- 
naisance missions, a manned, single- 
stage-to-orbit vehicle and a hypersonic 
transport known in popular terms as 
"the Orient Express". 

The fiscal 1988 budget request for 
the X-30 project totals $320 million, 
with a further $411 million planned for 
1989 and significant increases in ensu¬ 
ing years leading up to construction of 
twoflightvehicles. 

If the programme proceeds accord¬ 
ing to plan, selection of main contrac¬ 
tors for the airframe and scramjet 
engines is expected in 1989. 

Sanger 

In his paper "The Two Stage Sanger 
Space Transport System", Dr. H. 
Kuczena, of the German aerospace 
firm MBB, said Sanger would combine 
two development lines - an aircraft 
concept, such as Concorde, and the 
Shuttle concept as exemr‘ : * 5 'vJ by the 
US Shuttle and Hermes. 

He explai ned that the upper stage of 
the vehicle, Horus, a derivative of 
Hermes, would be used in conjunction 
with a hypersonic transport plane. 


Artist's concept of a launch from a standard runway of the German Sanger/Horus 


Sanger. As a global transport, Sqnger 
would be able to cany 130 passengers 
a distance of 13,000 km. Among prop¬ 
ulsion systems being considered are 
combinations of turbo and ramjet 
engines for the first stage Sanger vehi¬ 
cle. 

There arealsoplansforan expenda¬ 
ble upper stage version for carrying 
payloads of up to 15 tons into low- 
Earth orbit. 

Horus of 91,000 kg weight would be 
for manned missions only and would 
carry a crew of two. Uses of Horus 
would include servicing the space sta¬ 
tion, missions to polar orbit and recon¬ 
naissance work. 

Dr. Kuczena said thinking behind 
the idea was to develop a system capa¬ 
ble of being launched in Europe with 
the ability to cruise to an equatorial 
latitude for a more favourable launch 
location. 

Horus, as a derivative of Hermes, 
would benefit from lessons learnt in 
the French-led programme. Launch - 
costs would be 10 to 15 per cent that of 
Hermes with a two to four ton payload 
capability. 

Cargus, the unmanned version, is 
estimated as being able to carry the 
same payload into orbit as an Ariane V 
but at approximately one third of the 
cost. 

Development is expected to start in 
1994 and operations started in 2005, 
after which launches should comple¬ 
ment those of the US Vehicle. 


Under the development schedule 
discussed by Mr. Akimoto phase B 
design studies will be completed by 
1990 with phase C and D development 
taking place between 1990 and 1995. 

X-30 National Aero-Spaceplane 

The United States' $3.3 billion prog¬ 
ramme to build a national aero- 
spaceplane will take further steps for¬ 
ward this summer. 

This month (June) will seethe start 
of an engine concept review and in 
August two of the three companies 
involved - General Electric, Pratt and 
Whitney and Rocketdyne - will be 
selected to continue the project's con- 
oept validation phase. 

In October, after a two month 
review, three contractors will be 
selected to develop demonstration 
hardware for the hypersonic airframe. 


Eugen Sanger 1905-64. 
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INTERNATIONAL 
SPACE REPORT 

A monthly review of space news and events 


Shuttle Testing Impacts Launch Date 




NASA engineer Stokes McMillan during an eight hour Joint Integrated simulation otlnertial Upper Stage/ 
TDRS deployments. The April 14 simulation was one of several precursors to the long-duration simulation 
at the end of the month. A TDRS satellite will be launched by STS-26. * 

A shift in the launch of Discovery tor 
mission STS-26 to the latter part of 

1988 will mean slipping the remaining 
launches scheduled for the year into 

1989 (see 'Shuttle Launch Manifest', 

Space-flight, Nov 1986, p.378). 

NASA is expected to announce a 
new schedule in the early summer fol¬ 
lowing assessment of the various fac¬ 
tors involved. , 


Tower for SRM Qualification 

Construction work is continuing on the access tower for the Transient Pressure 
Test Article (TPTA) at the Marshall Space Flight Center - a 75 foot tower for solid 
rocket motor (SRM) short-duration ignition pressure tests. 


Planetary 
Missions Set 
For '89 and '90 

NASA Administrator James 
Fletcher and ESA Director General 
Reimar Liist announced on April 3 


Plans to resume US Space Shuttle 
flights by February 18 next year have 
been abandoned by NASA. 

Former astronaut Admiral Richard 
H. Truly, NASA Associate Adminis¬ 
trator for Space Flight, announced in 
April that a final decision to perform 
two major systems tests prior to the 
next Space Shuttle launch will result in 
a new target launch date. 

A "wet" countdown demonstration 
test, in which the external tank is filled 
with fuel for a simulated launch 
countdown, and a flight readiness fir¬ 
ing, in which the main engines are fired 
for about 20 seconds, will be per¬ 
formed on a Shuttle orbiter Discovery 
at the Kennedy Space Center, prior to 
launch. 

These tests will provide the needed 
engineering data to evaluate and con¬ 
firm various systems modifications, as 
well as exercise the launch and mis¬ 
sion control teams after the hiatus in 
Space Shuttle operations. 

NASA states that "several weeks" 
will be added to the overall processing 
time for Discovery, which will be used 
for the flight, but other estimates have 
put the launch back to the second half 
of the year at the earliest. 

In addition there is an ongoing 
assessment of the status of other prog¬ 
ramme elements - such as the re¬ 
designed solid rocket motor, the Space 
Shuttle main engines, and the proces¬ 
sing time required to implement orbi¬ 
ter modifications - and their potential 
impact on the flight schedule. 


Behind the tower (pictured left) is a 
ringer crane which will be used for 
handling and stacking test hardware. 

The objective of the TPTA testing is 
to verify the new solid rocket motor 
field and nozzle joints and testing is 
scheduled to begin at Marshall in Sep¬ 
tember 1987. 

The series of pressure tests, in con¬ 
junction with tests being conducted at 
Morton Thiokol (Joint Environment 
Simulator tests) and full-scale motor 
firings, are expected to lead to qualifi¬ 
cation of the improved solid rocket 
motor joint re-design near the end of 

this year. Picture NASA 


Planetary 
Missions Set 
For '89 and '90 

NASA Administrator James 
Fletcher and ESA Director General 
Reimar Liist announced on April 3 
the decision to launch the joint 
NASA/ESA Ulysses mission to the 
Sun in October 1990 using the Space 
Shuttle. The Galileo mission to Jupi¬ 
ter will be launched in October 1989, 
also from a Shuttle, writes Dr. W.l. 
McLaughlin. 

The decision on the launch sequ¬ 
ence was principally based on a 
desire to optimise the data return 
from these two missions. Even 
though Ulysses will be launched a 
year later than Galileo, it will begin to 
return prime data in 1994, one year 
earlier than the Galileo spacecraft. 

Attempting to launch both 
spacecraft during the "Jupiter win¬ 
dow" (Ulysses employs a gravity 
assist from Jupiter to fling it out of 
the /ecliptic and above the solar 
poles) would have resulted in unac¬ 
ceptable schedule and launch risks. 
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Australia Analyses Space Potential 


Australia's ambitious plans for a 21st Century international spaceport were 
revealed briefly in last month's Spaceflight (p.183). In this issue we assess 
the proposal in more detail beginning with an introduction by John Sved, 
followed by comments from Sir Joh Bjelke-Petersen, the Premier and Trea¬ 
surer of Queensland, and an overview of the initial study based on the Cape 
York International Spaceport Report executive summary. 


The Cape York International 
Spaceport Feasibility Study Part 1 
report is prefaced with a declaration of 
its dual role as a source of advice to 
politicians, public servants, indus¬ 
trialists and the general public plus 
experienced space authorities and 
commercial launch vehicle developers 
outside Australia. Both categories are 
well served so that confidence can be 
established to support more detailed 
studies, writes John Sved. 

The report concludes that a 
spaceport complex occupying initially 
2000 sq. km near the bauxite mining 
operation at Weipa, lying on the west 
coast, can provide access to both low 
inclination and polar sun-synchronous 
orbits. The Phase 1 development 
would support expendable launch veh¬ 
icles with phase 2 providing expansion 
of the spaceport for reusable launcher 
systems and payload preparation 
geared to expected traffic in 10 to 15 
years. The report surveys launcher sys¬ 
tems that have recently been in the 
technical press and summarises mar¬ 
ket growth forecasts. 

Two regions were considered, with 
latitudes of 11 and 12 degrees south. 
The region more distant from the 


equator has been advocated due to an 
established transportation and com¬ 
munications infrastructure and favour¬ 
able weather patterns. 

In the south Pacific region popu¬ 
lated islands do not lie in the drop 
zones for spent stages of the ELVs pre¬ 
sently operational; nor are proposed 
two stage commercial ELVs likley to 
pose a hazard for easterly flights and 
polar launchings would overfly very 
sparsely populated central Australia. 
Entry into the airspace of neighbouring 
countries could be avoided during the 
sub-orbital launch flight phase or dur¬ 
ing the return to base flight of a reusa¬ 
ble orbiter. Other potential equatorial 
launch sites are compared and none 
are able to include all of the assets 
which the Cape York site appears to 
possess. 

The report contains ample graphical 
material to support the analysis. 
Meteorological, seismicity, radar and 
downrange tracking as well as the pre¬ 
liminary trajectory and drop zone 
analysis are displayed in charts. How¬ 
ever, it is not the first such study. 
Launching Site for Equatorial Orbits for 
ELDO was a study prepared by the 


Tabel 1: Comparison of launch sites. 


-- SITE 

PARA«TEA"^^ 

CAPE YORK 
SPACE 

PORT 

KENNEDY 

SPACE 

CENTER 

K0UR0U 

TANECASHIMA 

BAIKONUR 

Xl-CHANG 

Location 

14?°E 

Approx. 

28®37*N ' 
80®41’H 

5°08’N 

S2°37*M 

30®22*N 

130°S7'E 

«6°H , 

6: E 

28®N 

102°E 

Country 

Australia 

U.S.A. 

French 

Japan 

U.S.S.R. 

China 

Available Site Area 

Up to 10 000 

3 460 

1 000 

8.65 

Unknown 

Unknown 

Annual Rainfall 

1923 

1148 

3238 

Unknown 

(Medtua) 

Unknown 

(Low) 

Unknown 

(Low) 

Avar* 9 * Thunder* 
stora Days/Year 

39 

76 

81 

Unknown 

Unknown 

Unknown 

Average Fog 

Days/Voar 

3 

54-vls.llWa 
ll-vls. Uga 

Unknown 

Unknown 

(Thought 

Significant) 

Unknown 

Unknown 

Average^ caper at ure 

26.9 

21.7 

26.6 

Approx. 17 

Approx. 13 

Approx. 15 

Lowest Minim* 
Temperature C 

IS 

-4 

18.3 

Approx. -S 

Approx. -40 

Approx. -30 

Equatorial Velocity 
Penalty 1 

5.3 

24.7 

0.9 

27.1 

55 

24 

Launch Directions 
Possible - degrees 

M0 

7*WW ^E490 

90 to 144* 
and 

192 to 220- 

•Over Hater 
—Over Water 
Then Land 

35 to 120 
Over water 

3S0 to 93.5 
Over Water 

60 to 165 
Approx. 

Over Water 

0 to 120 

Approx. 

Nearest township 

SO ka at 90° 

Large Population 
325 ka at 190° 

Large Population 

500 ka * 62° 

(Over Land) 

90 to 220 
Approx. 

These appear to 
be over popu¬ 
lated areas 



Figure 1: Geographical location of launch sites 
[ • ] and proposed sites [ L ] around the world. 


department of Supply in 1965 which 
advocated a site near Darwin. ELDO 
moved to French Guiana and Woom- 
era was effectively closed. 

The spaceport is expected to have 
the status of a "Free Trade Zone" 
although legal and trade aspects were 
not examined in detail by the engineer¬ 
ing based steering committee - this 
will be done in next study phase. 

The extent of peripheral industrial 
and economic activity was indicated 
only indirectly through market size 
forecasts and estimates of land area 
(up to 10000 sq. km). While propellant 
requirements were surveyed, the 
report did not indicatethefeasibility of 
local production of hypergolics and 
cryogenics and their usage rates. 
There was no consideration of the 
attraction of manufacturing flight 
hardware in Australia where produc¬ 
tion costs would be competitive with 
those for a United States made ELV of 
totally new design. Such package deals 
may be seen later when specific pro¬ 
posals are made. 

The Queensland Government is 
now soliciting preliminary contact 
from interested commercial consortia 
and the Australian Commonwealth 
Government will also be involved due 
to its legislative function. 

A minimal Space Board has been 
established but it has still to recom¬ 
mend a coordinated policy and the 
emergence of a national Space Policy 
is yet to be seen. A state government 
has taken the initiative to create a sus¬ 
tained industrial operation in the space 
business. 
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Premier Urges Strong Support 



A “promising start to an ambitious project" is how the Premier and Treasurer 
of Queensland, Sir Joh Bjelke-Petersen, described the preliminary study into the 
establishment of a space launch facility at Cape York. 


Sir Joh said he deplored the decline 
which had seen Australia go steadily 
backwards since 1967 after it became 
only the third country to launch a satel¬ 
lite from its own territory. 

"Whilst it may appear illogical to 
consider space launch facilities in 
Australia, where space programmes 
are almost non-existent, a deeper 
examination of the problem alters this 
perception. I tender for consideration 
that other countries, who are active in 
Space, need improved launch facilities 
for operational reasons, such as limita¬ 
tions of terrain, weather, air traffic and 
other locational restrictions," he said. 

"I believe there is scope for 


Australia to investigate versatile 
facilities, which could be used by those 
countries developing space program- 
mestoday. A launch sjte established in 
Queensland would exploit our unique 
advantages of stable political environ¬ 
ment, developed industrial and trans¬ 
port infrastructure, favourable geog¬ 
raphical location, reliable weather, 
good radar coverage and efficient air 
traffic control. 

"Even today, when all the 
developed countries (and some less 
developed, such as India, China, Brazil 
and Indonesia) have thriving space 
programmes, Australia has none," he 
added. 


Study Cites Significant Advantages 


Figure 2: Recom¬ 
mended region for 
launch site. 


Commercial space launch activities in the Western World are at a crossroads and 
Australia could, as a result, be presented with a unique opportunity to establish an interna¬ 
tional commercial spaceport. This situation has been brought about by a number of fac¬ 
tors. 



• Several countries active in the 
development of launch vehicles are 
constrained geographically and 
politically from establishing com¬ 
mercial launch services. Some are 
known to be investigating more 
favourable locations for launch 
sites, even beyond their territorial 
boundaries, in order to overcome 
these constraints. 

• The disaster of the Space Shuttle 
Challenger in early 1986 has forced a 
re-appraisal of the role the Shuttle 
should play in commercial space 
launches and has rekindled interest 
in expendable commercial launch 
vehicles in the United States. 

• The decision to open the dominant 
US market to commercial expenda¬ 
ble launch vehicles, and the failures 
in 1986 of two of the main US 
expendable launchers as well as the 
European launcher, have provided 
an incentive for private enterprise 
within the United States and for 
organisations in other countries to 
enter the relatively lucrative com¬ 
mercial launch business. 

• A number of expendable launch 
vehicles capable of carrying large 
commercial spacecraft are either 
operational or in an advanced state 
of development in the USA, Europe, 
Soviet Union, China, Japan, India 
and Brazil. Of these only Europe (at 
Kourou in French Guiana) and Brazil 
have launch sites in highly desirable 


; 


SPACEFLIGHT, Vol. 29, June 1987 


231 









INTERNATIONAL SPACE REPORT 


locations close to the equator (in the 
north of the South American conti¬ 
nent). 

New forms of reusable space vehi¬ 
cles are on drawing boards and US 
and Soviet Space Stations will gen¬ 
erate their own specialised space 
traffic in the mid to late 1990's. 

This opportunity for Australia is 
associated with four of its assets; the 
availability of a near-equatorial launch 
site which allows increased payload 
capability for launch vehicles to the 
commercially important equatorial 
orbits, the political stability and rela¬ 
tive neutrality of the country, its geo¬ 
political position within the Pacific 
'Rim of Technology' and the sophisti¬ 
cated infrastructure which can be pro¬ 
vided. 

The opportunity will not last long. 
International discussions taking place 
now about launch site developments 
will, within a few years, determine the 
global launch facilities for a period 
extending well into the 21st Century. 

The Co-ordinator-General of 
Queensland commissioned the Study 
in order to assess the feasibility of a 
spaceport located in an equatorial reg¬ 
ion of Australia. Although prorrfising 



Figure 3: Potential launch sector to the East and South-East. 


potential sites at4 situated in Queens- will be a major undertaking in terms of 
land, the implications of the study the international collaboration and 

transcend Queensland State bound- capital investment required. Further 

aries extensive investigations and negotia- 

The Report also suggests an inter- tions will be needed to ensure its suc- 
national, commercial undertaking; a cess. 

novel approach* on the world space The region proposed is at a latitude 
scene. Implementation of the concept of about 12°S and offers advantages in 



interms of meteorological conditions 
and access to the most important commercial orbits. The 
favourable climate for a launch site near the western side of 
Cape York Peninsula is documented in Table 1, along with 
comparative data for some other selected launch sites. 

A further significant advantage of the proposed region is 
the proximity of existing infrastructure, including air and 
sea port facilities at the modern mining town of Weipa. Pos¬ 
sible rationalisation of launch facilities with the airfield 
proposed on northern Cape York Peninsula for the Austra¬ 
lian Defence Forces hasthe potentialformajor economies. 

Figures 3 and 4 show potential launch sectors to the east 
and south-east over water, and to the south-west over 
water and desolate parts of central Australia. 

Population densities in central Australia are amongst the 
lowest in the world. For the routine commercial launch 
operations envisaged by the turn of the century the risk of 
mishap due to falling debris is likely to be very low. Further¬ 
more, part of the planning of missions will be the tailoring 
of trajectories to avoid the few scattered population centres 
in the south-west sector. 

The main conclusions of the Report are that Cape York 
Peninsula appears to offer a number of significant advan¬ 
tages over most existing operational sites inthe world, and 
that present forecasts of traffic into space show a potential 
segment of the commercial market which Cape York Inter¬ 
national Spaceport could capture. 

Various othermatters which need more detailed investi- 
gation in order to confirm the viability of the proposal are 
also highlighted. Subsequent studies should involve par¬ 
ticipation of a broad range of interests, including govern¬ 
ment and commercial, national and international organisa¬ 
tions. Organisational, technical, legal, trade, marketing, 
financial, taxation and environmental aspects are among 
the issues requiring further study. 

Early results from the Part 1 Study, together with feed¬ 
back already received from overseas interests, strongly 
support the Report's recommendation to proceed 
immediately with the next phase of the Feasibility Study. 
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SATELLITE 
DIGEST -203 


A monthly listing of satellite and spacecraft launches, com¬ 
piled from open sources. The heading to each launch gives 
the name of the satellite, its international designation and 
its number in the NORAD catalogue. Launch times are given 
in Universal Time and are accurate to about five minutes 
except where marked with an asterisk, where the time is to 
the nearest minute as announced by the launching agency. 


Robert D. Christy 

Continued from the May 1987 issue 


COSMOS 1818, 1987-11 A, 17369. 
Launched: 2328, 1 February 1987 from 
Plesetsk possibly by D-2. 

Spacecraft data: Not available. 

Mission: Possibly electronic intelligence 
gathering. 

Orbit: 786x800km, 100.74min,65.02deg. 


GINGA, 1986-12A, 17480. 

Launched: 0630*, 5 February 1987 from 
Kagoshima by M-3S. 

Spacecraft data: Rectangular box-shaped 
body, approx 1.55 m high and 1 m across, 
with a "cross" of four solar panels in a 
plane at right angles to one face. The mass 
is 430 kg. 

Mission: Scientific satellite studying 
astronomical gamma ray and x-ray 
sources. 

Orbit: 510 x 673 km, 96.35 min, 31.09 deg. 


SOYUZ-TM 2, 1987-13A, 17482. 

Launched: 2138*, 5 February 1987 from 
Tyuratam by A-2. 

Spacecraft data: Near-spherical orbital 
compartment carrying a rendezvous radar 
tower, conical re-entry module, and cylin-' 
drical instrument unit with a pair of solar 
panels, and containing batteries and a 
combined rocket motor/attitude control 
system. Length 7.5 m (including the dock¬ 
ing unit), maximum diameter 2.2 m and 
mass around 7000 kg. 

Mission: Carried the long stay crew of Yuri 
Romanenko and Aleksander Laveikin to 
Mir. It docked with Mir's extreme forward 
port at 2319 on 7 February 1987. 

Orbit: Initially 263 x 300 km, 90.09 min, 
51.62 deg then raised to 328 x 362 km, 
91.39 min, 51.62 deg for rendezvous with 
Mir. 


COSMOS 1819, 1987-14A, 17484. 
Launched: 1030, 7 February 1987 from 
Plesetsk by A-2 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is betewen 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 11 days. 

Orbit: 209 x 255 km, 89.19 min, 72.82 deg. 


USA21,1987-15A, 17506. 

Launched: 0630, 12 February 1987 from 
Vandenberg AFB by Titan 3B-Agena D. 
Spacecraft data: not available. 

Mission: Satellite Data System vehicle 
providing communications between the 
continental U.S. and strategic forces in 
north polar regions. 

Orbit: approx 400 x 39775 km, 717.8 min, 
63.0 deg. 


COSMOS 1820, 1 987-16A, 17523. 
Launched: 0840, 14 February 1987 from 
Tyuratam, possibly by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft with overall 
length about 6 m, maximum diameter 2.4 
m and mass between 6 and 7 tonnes. 
Mission: Possibly military photo-recon¬ 
naissance, re-entered after 20 days. 

Orbit: 180 x 252 km, 88.83 min, 64.84 deg. 


COSMOS 1821, 1987-17A, 17525. 
Launched: 1354, 18 February 1987 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A 5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably try spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite. 

Orbit: 963 x 1016 km, 104.97 min, 82.92 
deg. 


MOMO, 1987-18A, 17527. 

Launched: 0120, 18 February 1987 from 
Tanegashima by N-2. 

Spacecraft data: Rectangular, box shaped 
body approx 1.3 x 1.4 x 2.4 m, with a 
single, 2 x 5 m solar panel extending from 
one edge. 

Mission: Remote sensing, with particular 
emphasis on studying marine 
phenomena. 

Orbit: 910x911 km, 103.27 min, 99.10 deg. 


COSMOS 1822,1987-19A, 17533. 
Launched: 1015, 19 February 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
conical instrument unit containing bat¬ 


teries, control equipment and a rocket 
motor system. A 2 m diameter, 0.5 m 
deep, cylindrical, supplementary instru¬ 
ment package may be carried at the for¬ 
ward end. The overall length is about 6 m, 
maximum diameter 2.4 m and the mass is 
between 6 and 7 tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 193 x 306 km, 89.53 min, 72.88 deg. 


COSMOS 1823, 1987-20A, 17535. 
Launched: 0445, 20 February 1987 from 
Plesetsk possibly by F-2. 

Spacecraft data: Possibly similar to the 
navigation satellites in having a cylindrical 
body with domed ends, enclosed in a solar 
cell covered drum with length and diame¬ 
ter both about 2 m. A 5 m long boom sup¬ 
ports a metal weight to provide gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Probably a geodetic satellite. 
Orbit: 1481 x 1524 km, 116.09 min, 73.62 
deg. 


COSMOS 1824, 1987-21 A, 17559. 
Launched: 1330, 26 February 1987 from 
Plesetsk by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded con¬ 
tainer may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 700 kg. 

Mission: Military photo-reconnaissance 
over an extended period. 

Orbit: 165 x 355 km, 89.72 min, 67.17 deg, 
manoeuvrable. 


GOES 7, 1 987-22A, 17561. 

Launched: 2240, 26 February 1987 from 
Cape Canaveral AFS by Delta 3920. 
Spacecraft data: Spin-stabilised cylinder, 
2.15 m in diameter and 3.12 m long. The 
mass is 397 kg (excluding fuel). 

Mission: Meterological satellite returning 
cloud cover images and other atmos¬ 
pheric data. 

Orbit: Geosynchronous above 83 deg 
west. 
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Inmarsat Finalises Aeronautical Station System 


Inmarsat has finalised system specifications and established space segment charges for its satellite com¬ 
munications services which will be offered to the world's airlines and civil aircraft. Meeting in London recently, 
the Inmarsat Council approved specifications and charges for the use of Inmarsat satellites for aviation communications. 


New Jobs 
for Space Men 

NASA Chief Astronaut John W. 
Young has been appointed Special 
Assistant to the Johnson Space Center 
Director for Engineering, Operations 
and Safety. 

In his new position. Young will 
have direct and immediate access to 
the Center Director Aaron Cohen and 
other senior managers to aid in the 
timely definition and resolution of 
issues affecting the safe return to 
flight of the Space Shuttle. 

Young (56) will also advise the 
Center Director on engineering, opera¬ 
tional and safety aspects of Space Sta¬ 
tion and new Initiatives such as the 
second generation shuttle and the 
national aerospace plane. 

As the United States' most experi¬ 
enced astronaut, with six space mis¬ 
sions spanning the Gemini, Apollo and 
Space Shuttle eras. Young will remain 
eligible to command future Shuttle 
astronaut crews. 


Following Young's appointment 
four astronauts have been assigned to 
key posts in the Flight Crew Operations 
Directorate and Astronaut Office at the 
Johnson Space Center. 

They are: Henry W. Hartsfield, 
Deputy Directorfor Flight Crew Opera¬ 
tions; Daniel C. Brandenstein, Chief of 
the Astronaut Office; Karol J. Bobko, 
Assistant for Operations to the Direc¬ 
tor, Flight Crew Operations; and Ste¬ 
ven A. Hawley, Deputy Chief of the 
Astronaut Office. 


Dr. Paul Williams (53) has been 
appointed Director of the Science and 
Engineering Research Council's 
Rutherford Appleton Laboratory (RAL) 
in the UK. He has been Acting Director 
since December 1986. 


Englishman Mr. Geoff Hall has been 
elected chairman of the Council of the 
International Maritime Satellite 
Organisation (Inmarsat), succeeding 
Mr. John Feneley of Canada. Mr. Hall is 
currently Head of Satellite Systems 
(Planning and Policy) in British Tele¬ 
com International. 

★ * * 

Joseph P. Kerwin, NASA astronaut 
since 1965, has joined Lockheed Mis¬ 
siles 8t Space Company as chief scien¬ 
tist for the company's Space Station 
programme. 


Inmarsat is a 48 member-country 
consortium currently operating a sys¬ 
tem of nine satellites for maritime and 
other mobile communications. Ini¬ 
tially, the new aeronautical services 
will be provided using Inmarsat's exist¬ 
ing satellites, although the organisa¬ 
tion already has under construction 
three Inmarsat-2 satellites with 
expanded capacity and the capability 
of operation in frequency bands set 
aside exclusively for aviation use. 

Aeronautical services will include 
worldwide data and voice communica¬ 
tions for aircraft operations and traffic 
control, as well as passenger tele¬ 
phone and data links. 

Three of Inmarsat's member coun¬ 
tries - Norway (also representing 
Denmark, Finland and Sweden), Singa¬ 
pore and the United Kingdom - have 
already announced plans for equip¬ 
ping aeronautical ground stations 
(AGSs) for operation in 1988. 

"We are planning to begin technical 
testing of the system, using specially 
installed airborge and ground equip¬ 


ment during the latter part of this year 
and at least two airlines - British Air¬ 
ways and Japan Air Lines - have 
announced their intention to offer pre- 
operational passenger telephone ser¬ 
vices in early 1988," said Mr. Olof 
Landberg, Inmarsat's Director General. 

The world's aeronautical commun¬ 
ity has been talking about satellite 
communications for so long that the 
appearance this year of the first con¬ 
crete services may seem a less drama¬ 
tic event than it really is. But the fact is 
that a series of experiments and ser¬ 
vice trials about to be carried out by air¬ 
lines and aviation industry organisa¬ 
tions could, as soon as the end of this 
decade, revolutionise flying for 
everyone aboard an aircraft from the 
cockpit to the passenger cabin. 

Interest in aeronautical satellite 
communications has heightened con¬ 
siderably over the past few years, 
stimulated by the rapid evolution of 
terrestrially-based aeronautical com¬ 
munications offering automatic voice 
and data services. 


Proton's Fourth-Stage Fails Again 

The problems experienced with the fourth stage of the Proton booster 
launched on January 30, 1987 ( Spaceflight , April 1987, p.165) were thought to 
have been overcome following the successful launch of a communications satel¬ 
lite on March 19,1987. 

However, during a Proton launch on April 24, 1987, a premature shutdown of 
the stage left an expensive payload of three Glonass navigation satellites in a trans¬ 
fer orbit of reduced altitude. 

The Proton's fourth stage serves to propel a payload from low-Earth orbit to 
geostationary orbit, first being fired to achieve a transfer orbit and then again later 
to circularise the orbit at the required altitude. The mission of April 24 is now 
unlikely to be saved as attempts to refire the fourth stage and so raise the orbit have 
not succeeded. 

As with the previous failure, Soviet statements about the launch have tried to 
minimise any adverse effect on the efforts of their Glavkosmos organisation to 
market an international launch service using Proton. 


French Payload 
for China 

A package prepared by France's 
Matra is to be carried as a 15 kg pig¬ 
gyback experiment on a recoverable 
satellite to be launched by a Chinese 
Long March 2 in August. 

The purpose of the experiment is to 
evaluate onboard accelerations during 
the launch phase and also the microg¬ 
ravity environment during the cap¬ 
sule's five day stay in orbit. 

If results are satisfactory, the 
cooperative effort is expected to lead 
to two or three commercial micrograv¬ 
ity flights per year with the possibility 
of an increase in payload on a Long 
March 3 launcher. 
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Canadian Telesat Launches 

Canada's next communications satellites, Anik El and Anik E2, will be 
launched in 1990 aboard two Ariane 4 launch vehicles, each equipped with four 
solid booster rockets. 

The two Aniks, Telesat's 10th and 11th, will be the first Canadian satellites ever 
launched by Arianespace. Each requires a dedicated launch aboard an Ariane 44P, 
one of the most powerful European launch vehicles.. 

When launched theAnikEs will be the largest, heaviest and most powerful dual¬ 
band communications satellites ever built for a domestic satellite company. Spar 
Aerospace is now building the satellites at its plant near Montreal. They will be 
completed by 1989 and launched in the spring and autumn of 1990 from the Guiana 
Space Centre near Kourou, French Guiana. 

Anik El will come into service in 1990 while Anik E2 will be kept in a storage orbit 
until 1992. The satellites are designed to meet Telesat's communications require¬ 
ments until at least the year 2000. They are dual-band satellites, capable of simul¬ 
taneously relaying the equivalent of 56 television channels at C and Ku band fre¬ 
quencies. The satellites will be used to transmit television, radio, telephone and 
data communications for Telesat's broadcast and telecommunications customers 
throughout Canada and between Canada and the United States. 

Anik A1, launched in 1972 was the world's first domestic geostationary com¬ 
munications satellite. Since then Telesat, a private Canadian company, has owned 
and operated eight additional satellites, more than any other domestic satellite 
company in the world. Telesat currently has five Anik satellites in orbit. 

Experiments Selected for Comet Investigation 


Indian 
Contract 
for UK 

A £1.5 million contract from the 
Indian Space Research Organisa-' 
tion has been received by UK firm 
IGG Component Technology of 
Cosham, Hants. 

It‘is for the supply and testing 
of high reliability components for 
the Insat II satellite, the second 
satellite, forming part of the 
Indian drive to improve and 
extend television broadcasting 
and communication services 
across the sub-continent. 

The contract is the latest in a 
series won by IGG over recent 
months. The company, the largest 
independent specialist in this field 
in Europe, has contributed to 
numerous European space pro¬ 
jects, including Italian, French and 
European Space Agency program¬ 
mes. 


Three experiments submitted by 
scientific teams at NASA's Ames 
Research Center have been selected 
by an international panel of scientists 
for participation in the study of com¬ 
ets. 

The Comet Rendezvous Asteroid 
Flyby (CRAF) mission, being consi¬ 
dered for launch in the early 1990's, 
will be the first of the new Mariner 
Mark II series of spacecraft. It will 
rendezvous with a short-period comet 
several years after launch and fly with 


the comet for three to four years. The 
principal mission objective is to 
characterise the nucleus of the comet. 

Ames' three CRAF proposals are: 
the cometary ice and dust experiment 
(CIDEX), thermal infrared radiometer 
experiment (TIREX) and an interdiscip¬ 
linary scientist for exobiology (IDS). 

The CIDEX instrument is designed 
to capture and analyse dust, ices and 
gases evolved from the comet as the 
coma and tail develop during its pass 
around the Sun. 


Orbiting Power Module 

Lockheed engineers are beginning the second phase in the design of a 28 kW 
power module for an Industrial Space Facility scheduled to be placed in orbit in the 

_I.. IflAA. 



The facility is expected to be used 
for materials research and manufac¬ 
ture and for testing space technology 
in a microgravity environment. 

The power module will have two 
105 ft flexible solar array wings,similar 
to the Solar Array Flight Experiment 
(SAFE) that was successfully tested 
aboard a Shuttle flight in September 
1984. 

Each of the wings will be covered 
with nearly 30,000 silicon solar cells 
that are welded to a printed circuit 
sandwiched between two layers of 
flexible Kapton plastic. When struck by 
full sunlight each wing will be capable 
of generating 14 kW of electricity. 

In the artist's conception (left) two flexible 
solar arrays convert sunlight into electricity for the 
Industrial Space Facility. 


TIREX will directly measure the 
thermal emission and the scattering of 
solar radiation from the comet. This 
will greatly enhance understanding of 
cometry radiative effects and allow for 
refinement of comet energy budget 
models. Spectrally resolved observa¬ 
tions of the comet also will provide 
information on the composition and 
particle size distribution of the coma 
dust. 

The IDS for Exobiology, proposed 
by Dr. Christopher McKay, involves the 
study of those chemical processes and 
physical events that led to the appear¬ 
ance of life in the universe. Included is 
cosmic history of carbon and other 
biologically important elements, 
chemical evolution of the first 
biochemical systems and the early ori¬ 
gin and evolution of life. 

McKay's role is to represent the sci¬ 
entific interest of exobiology through¬ 
out the mission. He will assist CRAF 
instrument teams and project science 
groups, and aid in CRAF flight data 
interpretation, to ensure that exobiol¬ 
ogy science objectives are included. 

McKay will also seek to determine 
the organic content of the nucleus; 
understand the distribution of the 
biogenic elements and their com¬ 
pounds in the nucleus and determine 
the dynamic evolution of the biogenic 
elements in the nucleus during 
approach to the Sun. 

The Comet Rendezvous Asteroid 
Flyby (CRAF) mission study is man¬ 
aged by NASA's Jet Propulsion 
Laboratory (see Spaceflight, Feb. 1987, 
P-80). 
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SOVIET SCENE 


Space Walk Saves Mission 

Cosmonauts Yuri Romanenko and Aleksander Laveikin completed a 3 
hour 40 minute spacewalk on April 12, Cosmonautics Day, which sue- by 

ceeded in ensuring the firm docking of the Kvant (Quantum) astrophysics Neville Kidger 

module with the rear docking unit of the Mir complex. 


The walk can be compared with the 
mission-saving work done by US 
astronauts Conrad and Kerwin in 1973 
which made the Skylab space station 
usable for long duration missions. 

Kvant the rear-mounted module 
shown by the Soviets at their training 
centre (picture below) was launched 
on March Initial attempts to dock it 
with Mir were made on April 5 but a 
problem developed which forced an 
abort of the docking. After corrective 
measures, the docking did take place 
on April 9 but was not made hermeti¬ 
cally with the station. A decision was 
then taken by controllers at the Soviet 
Flight Control Centre to attempt a 
spacewalk to see what the problem 
was. 

The cosmonauts reported that an 
"extraneous" object had lodged bet¬ 
ween Mir and the module. The men 
removed it and the two spacecraft 
were firmly docked. 

A more detailed description of the 
space walk will follow in a subsequent 
issue. The following report covers the 
activities of the cosmonauts from mid- 
February to the launch of the Kvant 
module. 


Manned Mode . 

By the end of their first week in orbit 
Romanenko and Laveikin had con¬ 
ducted all the scheduled operations to 
bring the station into a manned opera¬ 
tional mode and had taken stock of the 
expendable materials onboard. They 
were continuing to unload the mate¬ 
rials delivered by the Progress 27 cargo 
spacecraft and had made requests to 
the staff at the Flight Control Centrefor 
various items to be sent to them on the 
next cargo spacecraft, including vid¬ 
eotapes of Soviet entertainers. 

An interesting ocean phenomena 
was observed by the two cosmonauts 
in mid-February. They saw "powerful 
concentric waves" emanating from an 
area of the ocean which displayed a 
"serene surface". The eight or nine 
waves were estimated to have been 2- 
300 km across. The observation was 
reported on February 15 whilst the 
men were preparing the engine of the 
station for automatic refuelling by the 
Progress cargo spacecraft. 

A medical check on February 16 
with the Gamma-1 apparatus showed 
that the men were both in good health 
and were involved in regular medical 
monitoring. Earlier, about one week 


after arriving on Mir, Laveikin had suf¬ 
fered "a rather painful" adaptation to 
weightlessness and, according to 
Soviet statements, "needed rest par¬ 
ticularly badly". The disclosure was 
unusually frank, contrasting with 
NASA policy of not discussing the state 
of health of US astronauts to maintain 
personal privacy. The exception to 
NASA's rule would occur if an illness 
were mission-critical or if it affected 
specific mission goals. 

On February 18 the cosmonauts 
installed additional equipment in the 
station's power supply system, 
pumped drinking waterfrom Progress 
into Mir and prepared transfer lines for 
the refuelling of the oxidiser tanks of 
the station. The refuelling was com¬ 
plete the next day and the Soviets said 
that Progress 27*vould leave the com¬ 
plex "soon". On February 20 the 
engines of the cargo ship were used to 


manoeuvre Mir and Soyuz TM-2 into a 
higher orbit. 

Early on February 23 it was 
announced that the Progress 27 cargo 
ship would separate from the complex 
later that day. The separation occurred 
at 1129 (all times GMT). The engine of 
the cargo craft was switched on at 1517 
on February 25 and it subsequently 
burned up in the upper layers of the 
atmosphere. 

It was reported that the previous 
day, February 24, Romanenko and 
Laveikin had donned their space suits 
during an unspecified experiment 
which may have been related to the 
announced intention to "assemble 
large units in raw space". 

The first photographs of the Earth's 
surface to be taken on this flight were 
obtained on February 26 with "a new 
fixed camera and portable apparatus". 
Photography of unspecified areas con¬ 
tinued over several days. 


A mockupattheYuri Gagarin Cosmonauts' Training Centre of the Mir Space Station with the astrophysics 
module, Kvant, attached. The module was launched by a Proton rocket on M»ch 31,1987 and subsequently 
<iQC-ked wjjh MiL. Novosti 
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Progress 28 in Flight leading to production in economic 

On March 3 the Soviets announced quantities on special factory modules, 
that another Progress spacecraft was In the course of the various experi- 
to be launched that day from Baikonur. ments with the PION-M unit the cos- 
Lauuch occurred at 1114 and Progress monauts have, according to one Soviet 
28 was placed into a low-Earth orbit scientist, "moved us into a yet 

from where it was manoeuvred over unexplored field of colloidal chemis- 

the neKt two days to an automated try". 

docking with the aft docking unit of the _ 

Mir station at 1243 on March 5. The Soviets have opened a spe¬ 

cial telephone line for citizens 
T . „_ j to phone and hear news about 

The cargo ship delivered over two r 

tonnes of various cargoes and con- ">ir CQSmomautS.... MOS- 

sumables, including personal items COW 2156356. 
and mail for the two cosmonauts. 

Amongst the scientific equipment deli- In one TV broadcast the cos- 
vered was KATE-140, a topographic monauts showed viewers an onion 

mapping camera, several spectromet- thattheyhadgrowninthestationsince 

ers and Korund, a semi-industrial occupying it but revealed that other 

materials processing unit with a plants planted in special hothouses 

weight of 136 kg. Using this it is had yet to develop shoots as the onion 

intended to produce unique crystals had. 

for use in the Soviet electronics indus- On March 9 the engines of Progress 
try and other sectors of the Soviet hi- 28 were used to manoeuvre the station 
tech economy. into anew orbit with a height of 386 x 

355 km and an orbital period of 91.7 
The microgravity conditions aboard minutes. 

Mir have already been used by By March 13 the cosmonauts had 
Romanenko and Laveikin to conduct completed the installation of the 

experiments with PION-M to study the Korund unit and had conducted further 

processes of heat and mass transfer in Earth observations. The water deli- 

a liquid media. These experiments are vered by Progress had also been 

related to the Soviet intention of pro- pumped into the station's onboard 

ducing large volumes of biological and tanks. 

metals samples in space, eventually The first Korund experiment was 

completed by March 17 and Earth 
observations contirfued to occupy the 
men for another week, particular atten¬ 
tion being paid to the medium and 
southern latitudes of the USSR. The 
cosmonauts used the KATE-140 cam¬ 
era to observe the groundtrack directly 
under the station and the camera sys¬ 
tem called "Sever" to take pictures to 
the side, recording geological features 
obliquely-and with greater relief. 

At 0507 on March 26 Progress 28, 
which had been used on two occas- 
sions to raise the orbit of Mir, was 
undocked. Two days later, at 0259, the 
engines were ignited again and the 
spacecraft fell from orbit to be 
destroyed in the upper layers of the 
atmosphere as all the previous cargo 
ships had done. 

Romanenko and Laveikin continued 
with work on the PION-M and Korund 
units. 

Kvant - A New Name in Orbit 

Early on the morning of March 31 a 
Proton rocket put into low-Earth orbit 
the Kvant module which the Soviets 
identified as the first special-purpose 
space moduleforthe Mirstation. Itwas 
to dock with Mir on April 5 (Spaceflight 
May 1987, p. 184). 

TV pictures of the two Mir cos¬ 
monauts examining the module on the 
ground in the Assembly Building at 
Baikonur showed that it was the aft- 
mounted module previously seen at 



the training centre in Moscow (see pic¬ 
ture). 

The Soviet description of the mod¬ 
ule atthetime of the launch said it con¬ 
sisted of two coupled vehicles: the 
module proper and what was termed a 
Functional Auxiliary Block (FAB). 
Together, both weighed 20.6 tonnes. 
During independent flight the module 
is the passenger of the FAB. Six man¬ 
oeuvres, rendezvous and docking were 
all to be conducted by the FAB. After 
docking and initial checks of the 
auxiliary systems of the module the 
FAB is undocked leaving the module's 
rear docking unit free to receive man¬ 
ned and unmanned spacecraft. 

The Kvant module itself weighs 11 
tonnes, is 5.8 metres long and 4.15 
metres in diameter. It consists of a 
laboratory compartment with a trans¬ 
fer chamber and research equipment 
compartment. Inside the laboratory 
compartmentthereareinstrumentand 
living sections divided by interior 
panels. It features one digital and two 
other computers. The laboratory com¬ 
partment and the transfer compart¬ 
ment form air-tight quarters of 40 m 3 
volume. The scientific payload bay is 
not hermetically sealedandthe battery 
of astrophysical telescopes is 
organised in this bay around the dock¬ 
ing unit and transfer compartment. 
The module carried 1.5 tonnes of scien¬ 
tific instruments and over two tonnes 
of unspecified equipment to add to 
Mir's capabilities. 

The laboratory compartment 
accommodates the main research 
equipment and a number of control 
systems, including steering, rendez¬ 
vous and docking, and life-support (in¬ 
cluding temperature and air mixture 
regulators). It also contains radio, tele¬ 
phone, telegraph and television equip¬ 
ment. 

The laboratory has two viewports. 
One, with a diameter of 43 cm is 
intended for an optical device, and the 
other, 22.8 cm in diameter, will house a 
visual star tracker. Two 8 cm portholes 
in the transfer compartment will be 
used for visual observations. 

The transfer compartment includes 
an air-lock chamber for servicing the 
Glasar ultra-violet telescope and its 
control console. The scientific payload 
bay, around the transfer compartment, 
is intended to house instruments 
needed to be exposed to open space. 

The payload included the 800 kg 
Roentgen observatory, four 
astrophysics telescopes (Spaceflight 
April 1987, p.184), the Glasar UV tele¬ 
scope developed by Swiss and Soviet 
experts, and a Soviet automated, 
externally-mounted, electrophoresis 
unit named Svetlana (after Svetlana 
Savitskaya who conducted pioneer 
Soviet research in electrophoresis 
techniques on her two flights to Salyut 

7). To Be Continued 
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SOVIET SCENE 


Space Stations in Formation 




* " 
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The two photographs reproduced on this page show the Mir 
and Salyut 7 space stations recorded on a single image as they 
passed over southern England. 

They were taken by BIS Fellow Alan Lawrie who believes that this is 
the first time pictures of two space stations flying in close formation 
above the Earth have been published. 

The photograph below was taken at 2255 GMT on June 26, 1986. The 
Mir-Soyuz T15 complex (bottom of the picture) is leading the Cosmos 
1686-Salyut 7 complex (top of the picture) by about 15 seconds. The 
spacecraft are at an elevation of 60 degrees above the horizon moving 
from the top to the bottom of the photo. 

The photograph at left was taken three minutes later and shows the 
spacecraft approaching the Eastern horizon. Mir at the bottom of the 
photo is still leading Salyut 7. The space stations are travelling from the 
top to the bottom of this 20 second exposure. 

The photographs were taken just three hours after the docking of 
Soyuz T15 to Mir which completed the second successful transfer of cos¬ 
monauts Leonid Kizim and Vladimir Solovyov from one space station to 
another. It was only during the relatively short periods of time when the 
two space stations were close to one another that such transfers were 
undertaken. 

The photographs were taken from Hitchin in Hertfordshire using a 
Pentax KX camera fitted with a 50 mm lense. The aperture was set to f 1.7 
and the film used was Boots ASA 1000 colour transparency film (repro¬ 
duced here in black and white). 

Pictures of Salyut 7 and Soyuz T15 flying in close formation were also 
carried in the Sept/Oct. 1986 issue of Spaceflight (see p.346) taken by 
reader Daniel Fischer. However, these did not show both space stations 
on the same image. 


Mir Complex 
Extended to 
Four Units 

An automatic transport ship 
Progress 29 was launched at 19.14 
(Moscow Time) on April21 todock 
with the Mir complex, delivering 
expendable materials and various 
cargoes. 

Progress 29 went into an orbit 
with the following parameters: 
period - 88.7 mins, apogee 257 
km, perigee 194 km, inclination 
51.6 degreees and docked with 
Mtr at 21.05 (MT) on April 23. 

The arrival of Progress 29 
meant that for the first time a 
research complex of four space¬ 
craft integrated into a single 
whole had been built in space 
through successive dockings. The 
complex consisted of the base sta¬ 
tion (Mir), astrophysical module 
(Kvant), a manned spaceship 
(Soyuz TM 2), and the automatic 
freighter (Progress 29). 

Progress 29 carrying fuel, food, 
water, equipment and mail, was 
docked to the Kvant module. 

By April 27 Romanenko and 
Leveikin had completed the 
unloading of Progress 29 and were 
preparing for two spacewalks to 
assemble an additional solar bat¬ 
tery brought in two sections with 
the Kvant module. 








SOVIET SCENE 


The Concept of Orbital Laboratories 

Almost 30 years ago, in the pre-space flight age Academician Korolev described his concept of 
space development in the following words: "The first flights (to outer space) will be followed by a by German 

permanently manned orbital laboratory whose staffers will make systematic observations and stage Konstantinov 

experiments hundreds of kilometres above the surface of the Earth." 

And these long-stay space sta- Photograph taken by the Meteor "Nature" Soviet satellite. In the bottom right corner is the Caspian Sea. 

tions, where crews come and go, 
and technologies evolve have 
come along. 

Electronics have reached a high 
level of compactness: a small 
plate measuring a single square 
centimetre can accommodate up 
to 100,000 "components". It will 
soon be possible to fit a million 
elements into a single crystal. But 
such a crystal has to be ideal - it 
could not be produced in Earth- 
based laboratories because of 
convection resulting from the 
force of gravity. However, crystals 
produced in outer space (where 
conditions rule out convection) 
are vastly superior. This was 
experimentally confirmed in the 
Splav and Kristal units aboard 
Salyut stations. Other experi¬ 
ments have shown that special 
quality drugs can also be pro¬ 
duced in orbit at a lower cost. 

Space photography is another 
economic advantage to be 
obtained from orbital 
laboratories. In the future "ag¬ 
ricultural satellites" designed to 
monitor woods and plantations, 
soil humidity and crops will yield 
tangible profits. This type of work 
has already been tested by crews 
aboard orbital stations. 

For example, one of the Soviet 
Central Asian republics planned to 
enlarge its cultivated area but 
remote sensing showed that the 
project would be an economic fai¬ 
lure due to the shortage of water 
in the region and the prohibitive 
cost of artificial irrigation. 

Another job for space technol¬ 
ogy is to monitor the pollution of 
the atmosphere. Under a Soviet 
programme the State Committee 
of Hydrometeorology and 
Environmental Control uses space 
photographs to advise on the 
most polluted city districts, 
woods and plantations, and the 
degree of smoke contamination. 

Equally important is the fact that 
regular observations show the 
dynamics of the process and such 
work is paving the way to a large- 
scale biosphere monitoring net¬ 
work. 

Practical cosmonautics has 
come a long way. Exploitation of 
the opportunities now offered by 
the Mir space station will be the 
best proof that Sergei Korolev's 
ideas become a reality. 
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Man’s Role 
in Space Exploration 
and Exploitation 



The International Space Station will provide long-term operations with 
enhanced habitability and many new specialised facilities. Crew producti¬ 
vity will be aided by automation and robotics. Automated systems, in turn, 
will be supervised by the crew to operate optimally as mission or experi¬ 
ment objectives change. 


by Joseph P. Loftus 

Assistant Director (Plans) of the 
Lyndon B. Johnson Space Center. Houston 


The Station, like the Shuttle and 
other large facilities such as the Hub¬ 
ble Space Telescope, will not have a 
singular mission. It is intended to 
serve many payload missions over its 
operating life. Its effectiveness in per¬ 
forming these functions will depend 
upon maintaining a balance between 
the use of automated and robotic sys¬ 
tems and the need for the crew to 
intervene as necessary to repair, mod¬ 
ify, or re-program the systems. 

Space Station design aims at a 
minimum of crew activity to maintain 
and operate the station so that most of 
the crew time can be devoted to pro¬ 
ductive activities. 


In this table, a work station is a crew¬ 
man location where an array of tasks is 
to be performed. A panel is a work sur¬ 
face with a group of functionally- 
related control and display devices. A 
control/display element is any one of a 
number of devices from a two-position 
toggle switch to a multifunction dis¬ 
play device such as a cathode-ray tube 
(CRT) or a three-axis flight director 
attitude indicator. Computers are digi¬ 
tal computational devices and compu¬ 
ter modes are functional software units 
such as flight control, navigation, sys¬ 
tems management, etc. 

The table indicates the increasing 
complexity of manned spacecraft as 


the mission has evolved from testing 
man's endurance to achieving specific 
mission objectives. The Space Station 
system is to be a highly distributed, 
regionally autonomous system, with 
eight units on the primary local area 
network, each supporting a regional 
set of functionally or physically sepa¬ 
rated suite of subsystem micro-proces¬ 
sors. 

A view of the commander and 
pilot's flight stations in the Orbiter is 
shown in below left. The appearance is 
not unlike that of a widebody jet air¬ 
craft; but to a far greater degree than 
aircraft, actuation is effected via the 
computer rather than directly. 


The Changing Role of Space Crews 

In each succeeding spacecraft 
design, the crew has become increas¬ 
ingly the 'manager' of automated sys¬ 
tems. 

The magnitude of this trend is illus¬ 
trated in Table 1, which quantifies the 
growth in work stations, control dis¬ 
play elements, and computational 
capability in each succeeding US man¬ 
ned spacecraft. 





The Shuttle Orbiter (above) is equipped with TACAN (Tactical 
Air Navigation) aids, providing early azimuth and slant range 
distance to a beacon near the landing site. Terminal area navi¬ 
gation is, by inertial navigation, updated by TACAN and the 
Microwave Scanning Beam Landing System, which provides 
precision altitude and azimuth data near the runway. Automa¬ 
tic landings are feasible; but if the pilot is not active during land¬ 
ing, transition time constants preclude reversion to manual 
control in the event of a failure of the automatic system. 


This wide-angle photograph (left) of the Shuttle Orbiter's prim¬ 
ary controls and displays illustrates the prominence of the 
three CRT displays (left, right, and centre, below the window 
sunscreen) and the command and query entry keyboard for the 
commander and pilot, located on the central console below the 
central CRT. Many of the switches visible are, in fact, com¬ 
mands to the central computer, with conventional switches 
used to keep the crew appraised of current system state. 
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The recovery ui a failed satellite has a uniquely defined set of activities to effect capture and repair, or retrieval and return to Earth. This picture illustrates the 
approach by astronaut George Nelson to the Westar com munication satellite as the orbiter and remote manipulator station-keep to assist m capture and retrieval. 


As an indication of the reliance of 
space flight design on manned opera¬ 
tions, it'should be noted that STS-1 
was the first manned spacecraft to fly 
its initial flight manned. In earlier prog¬ 
rammes, an automated system was 
flown first. 

In Mercury, the pilot had mechani¬ 
cal actuation of the attitude control 
thrusters; in the Shuttle, the control 
stick and most switches set commands 
in the primary computer system and its 
software for implementation via a data 
bus. As the manager, the crewman par¬ 


ticipates in some control loops and 
monitors others; but, increasingly, his 
role is as an arbiter rather than as a 
direct operating element, i.e. direct 
sensor or effector. The crew is active in 
the control loop because that assures 
currency of judgement as to system 
state and minimises'jransition times if 
switching is required. 

There a re still a few instances where 
elemental hands-on flying is required, 
as in capturing derelict spacecraft and 
in Shuttle landings. These examples 
illustrate two different basic issues. In 


manoeuvring to recover failed space¬ 
craft, crew control is dictated by the 
unanticipated character of the event 
and the unique characteristics of each 
instance, which make automation of 
such functions prohibitively expensive 
and cumbersome. In order to recover 
the spacecraft, one crewman in the 
manned manoeuvring unit flew to the 
spacecraft, captured it with a probe 
that went into the engine nozzle, and 
delivered it to the other EVA crewman 
who was to attach an adapter. 

In the case of Shuttle landings, the 


The Mission Control Center shares a significant amount of data as to spacecraft status via telemetry. This extended crew can make the mission more 
efficient by off-loading non-essential tasks from the flightcrew. The picture below shown operations during an EVA. 






Astronaut Bruce McCandless during operation of the Manned Manoeuvring Unit (MMU) in February 1984 
on mission 41B. 


issue becomes one of crew capability 
to displace a failed automatic system 
not actively in control during a time- 
critical manoeuvre. Since the Shuttle 
has no jet engines, it cannot go around 
and attempt a second approach; all 
landings are dead stick. Therefore, two 
issues develop: transition time con¬ 
stants if the automatic system fails and 
the crew must intervene, and the level 
of crew training and readiness to do a 
manual landing. To assure crew capa¬ 
bility to manage the landing and take 
control in the event of any system fai¬ 
lure, the landing is generally done in a 
control-stick-steering flight control 
mode that is a blend of crew com¬ 
mands and the automated system. 

The flight control team on the 
ground is a complementto the crew in¬ 
flight. For example, all communication 
switching and circuit control is done on 
the ground where circuit margin per¬ 
formance can be measured. Activity 
planning is coordinated between the 
flight and ground crews, and the 
ground's role is particularly intense 
when an anomaly is to be resolved. 
When the mission proceeds according 
to plan there is minimal demand of the 
Mission Control Center. When 
anomalies occur, the ground can assist 
the on-board crew to diagnose the fault 
and define a workaround. The ground 
can also re-plan the mission to reduce 
the impact of the anomaly while the 
crewsleeps or pursues other duties [2]. 


Trends in Space Computer Systems 

The Shuttle is the ultimate embodi¬ 
ment of our ability to automate, as cap¬ 
tured in mid-1970's technology. It has a 
quadredundant set of central proces¬ 
sors that are essentially asynchron¬ 
ous; that is, priority interrupt occurs as 
needed or is situation determined, not 
just permitted at clocked intervals. 
Otherwise, we could not get the lift and 
structural performance required dur¬ 
ing ascent and descent through the 
atmosphere. An independent backup 
system parallels the primary system to 
guard against a systematic flaw in the 
primary system software. 

The Shuttle is the first major space 
flight system dependent on embedded 
software. In earlier systems, the design 
was such that hardware could be oper¬ 
ated with various types of direct con¬ 
trols and to automate, meant to have 
the computer use or bypass those con¬ 
trols. In a system with embedded 
software, there are no direct controjs; 
there is only access via the computer. 
Many such systems are commonplace 
today; microwave ovens and video 
cassette recorders are good examples. 

With reference to large complex 
systems such as the Space Shuttle or a 
space station, few appreciate the cost 
of the factory for software required to 
produce and then verify error-free 
operating software. It is over one-half 
of the factory cost to produce such 
flight-specific software, i.e. it is more 


expensive to build, verify, and operate 
such software than it is to produce the 
flight-specific software [1], The factory 
itself uses almost three million Source 
lines of code (SLOC). Three hundred 
thousand SLOC were custom- 
developed, and the balance is existing 
commercial products. 

Preparation for a Shuttle flight 
involves setting intotheflight software 
initialisation, as many as 7,000 coeffi¬ 
cients unique to the time of launch, the 
particular vehicle, the characteristics of 
the payload, and arising from changes 
in other mission parameters. For a nor¬ 
mal case, about 1500 such values need 
to be set. These changes are required 
because the structural stiffness of the 
Orbiter, which is a function of the cargo 
it carries, and the bending modes enter 
into the flight control laws. 



Therefore, the trend in space sys¬ 
tems is much like that in other sophisti¬ 
cated flight vehicles and process con¬ 
trol systems [3] and involves: 

• Increasing the automation of 
those functions that can be defined, 
with the crew supervising and prog¬ 
ramming the system. 

• Increased reliance on operating 
crews for decision management and 
more effort to provide the information 

_to support such decision-making func¬ 
tions. 

As an interesting aside on the 
nature of such information let me sum- 
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marise a lesson learned. We found by 
experience that the crew needs the 
sense of location that we provide in the 
Mission Control Center with a Mer¬ 
cator projection map and the current 
projected ground track. The crew now 
carries a Grid Compass Computer with 
that display. It projects the same view 
as that obtained from looking through 
the Orbiter window. When one is 
elsewhere in the spacecraft it is hard to 
keep aware of ground track, yet many 
activities are keyed to such local condi¬ 
tions. Availability of the display has 
substantially enhanced productivity. 

• Increased reliance on computer 
input and output devices to assess sys¬ 
tem state, modify or direct the system 
and to assess task accomplishment. 
This has generated a whole new family 



A unique view of the Shuttle as it orbits the Earth 
as seen by an astronaut using the MMU. 


Joe Allen holds onto the top of the retrieved Wes- 
tar after Dale Gardner captured and stabilised the 
communications satellite during mission 51A in 
November 1984. 
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’ Man's Hole in Space - 

of issues regarding the most effective 
way to provide interfaces between the 
automated and crew-controlled func¬ 
tions. 

EVA 

The design of new spacecraft, such 
as the "great observatories" that will 
characterise our astrophysics prog¬ 
ramme for the next 20 years, all rely 
upon periodic servicing and modifica¬ 
tion on-orbit. The telescope of the Hub¬ 
ble Space Telescope is a three metre 
diffraction limited collector. No given 
set of focal plane spectrographs pr 
other instruments can fully exploit its 
gathering power. 

Once established in space, it is not 
desirable to subject it to the stress of 
entry, landing, or another launch. 
Therefore, the plan is to change focal 
plane instruments periodically, as 
required by failure or incentive for new 
discovery. Similar servicing will sup¬ 
port the Gamma Ray Observatory, the 
Advanced X-ray Astronomy Facility, 
and the Shuttle Infrared Telescope 
Facility for both new instruments and 
the replenishment of consumables. 

The aggregate of thesetasks is a sig¬ 
nificant amount of work; but since 
each task is unique, it precludes auto¬ 
mation because the unit expense is not 
warranted. For planned and con¬ 
tingency servicing, extravehicular 
activity (EVA) is both efficient and cost 
effective. All of our studies indicate 
that manned servicing is the strategy 



of choice when a high-value, unique 
system, such as one of the great obser¬ 
vatories, is assessed over a long opera¬ 
tional life. 

When an operational system that 
must be maintained for a long period is 
considered, continuous servicing is 
more effective than replacement pro¬ 
duction. The net effect is a significant 
demand for use of crew as uniquely 
programmable, intelligent sensors and 
manipulators for performing such 
tasks of maintenance and refurbish¬ 
ment. 

This kind of function in recentflights 
has been demonstrated in the solar 
maximum spacecraft repair and the 
recovery of the Westar and Palapa 
spacecraft. The crewman not only 
replaced a planned module inter¬ 
change, but effected an unplanned wir¬ 
ing change. During the Palapa Westar 
recovery, the adapter to provide for 
remote manipulator system (RMS) 
positioning of the spacecraft would not 
fit due to a disparity between the origi¬ 
nal design and the final construction. 
Joe Allen held the spacecraft while all 
the entry tiedowns were attached. 

We have also done some construc¬ 
tion experiments on-orbit. The objec¬ 
tive of these tests was to determine the 
relative effectiveness of various 
assembly techniques. We discovered 
that hands-on EVA is five to ten times 
more efficientthan using manipulators 
or teleoperators and that two different 
manual techniques were essentially 





The National Commission on Space illustrateo a mannea iviars outpost analagous to the Antarctica research stations as a suitaDie goal to musirate its future exp¬ 
loration theme. This illustration is from the cover of the report. 


equivalent. The crew handled over 500 
units of untethered equipment without 
any escapes. We plan to use such 
assembly techniques in building upthe 
Space Station in orbit. 

Space Station Operations 

The Space Station is NASA's next 
major project. In the past, each of our 
major projects has been a self-con¬ 
tained enterprise. Each programme 
had a specific mission objective and 
everything was focused to achieve that 
objective. The new generation of sys¬ 
tems, the Shuttle and the Space Sta¬ 
tion are not designed for a single 
specific mission objective, but are 
designed to provide the capability to 
achieve many objectives over the next 
two decades. The Space Station and 
the Shuttle are complementary ele¬ 
ments of a space operations i nfrastruc- 
ture. The Shuttle provides transport 
from Earth to low-Earth orbit through 
the atmosphere; the Station provides a 
depot at low-Earth orbit for storage, 
assembly, and the execution of long¬ 
term operations. Upper stages provide 
transit to higher energy orbits. A candi¬ 
date project after the Space Station will 
be a Space Station-based manned 
aerobraking reusable upper stage. 

Missions that the Space Station can 


then support are manned sorties to 
geosynchronous orbit, the develop¬ 
ment of a lunar base, and a manned 
Mars mission. The use of the Station as 
an assembly point and depot provides 
new techniques for developing large 
systems in space without having to 
develop continually larger launch vehi¬ 
cles. 

The pattern of activity we anticipate 
is that the Station will be used as a 
laboratory for prototyping manufac¬ 
turing facilities for various classes of 
high value materials. We anticipate 
that once pilot plant scale is success¬ 
fully demonstrated, the function will be 
transferred to a man-tended platform 
that will be serviced from the Station or 
by the Shuttle. Servicing would consist 
of replenishment of operational con¬ 
sumables, maintenance, harvesting of 
product and new feedstock. 

In the initial bench-testing of 
devices and processes, we would 
expect a high degree of manned 
interaction with experimental 
apparatus. In pilot plant operations, we 
anticipate the normal experimentation 
with control variables to define scaling 
laws and process control laws so the 
automated plants can be developed. 
We would expect to monitor and con¬ 
trol production plants on man-tended 


platforms from ground facilities in 
order to optimise the microgravity 
environment by minimising distur¬ 
bance sources during production runs. 

These activities will engage an 
entirely new class of space crews cur¬ 
rently called payload specialists or 
mission specialists. In our Shuttle 
operations, payload specialists are 
user-supplied and are trained by NASA 
only in how to live and work in our 
spacecraft. Mission specialists are 
NASA crews - generally scientists or 
physicians who can act as surrogates 
for the user in operating experimental 
equipment, but who also do 
specialised tasks in EVA or man¬ 
ipulator system operations and assist 
the commander and pilot in flight vehi¬ 
cle operations. 

In addition to laboratory activity, the 
Station will be a site for construction 
and assembly of systems too large or 
too heavy to launch as a single unit or 
which require attributes better 
achieved by assembly on-orbit. Some 
of these assem bly tasks wi II be effected 
with manipulators using smart end 
effectors, e.g. force and torque sens¬ 
ing. The operation of such devices is 
quite intricate because of the complex¬ 
ity of the geometries involved and the 
need to manage the movement of both 
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Man's Role in Space 



EASE is the Experimental Assembly of Structures in Extravehicular Activity. 
This experiment provides for the crewman to float free in space and manipu¬ 
late himself and the assembly elements by conservation of momentum. On- 
orbit assembly times were equivalent to water immersion simulations at the 
end of training. 



Two recovered spacecraft (Palapa B and Westar 2) would not accept the inter¬ 
mediate adapter intended to allow RMS positioning of the satellites while 
hold-down fittings were attached to the satellites base. A device adjusted after 
spin-test protruded into the envelope of the adapter and clearance tolerances 
were inadequate to the as-launched configuration. During mission sequence 
simulations, the alternative procedure of having the crew hold the satellites 
were developed and resorted to when the adapter could not be made to fit. 
Both spacecraft were recovered with essentially no damage - the highest 
value salvage operation in history. 


This drawing illustrates a reference design concept of the Space Station. 











Man's Role in Space 



In this nadir view, as the Shuttle passed over the Lapricorn Channel of the Great Bar¬ 
rier Reef east of Australia, the crew observed the formation of tendril material in the 
northeastern flowfrom the channel. Such a phenomenon had not previously been 
observed. After flight, it was determined to be a phyto-plankton bloom. On sub¬ 
sequent flights similar events in the North Atlantic and off the East African coast 
have been identified. These events are significant to the understanding of dbean 
currents, weather and commercial fishing. This is one of the 28,000 images from 
manned space flight photographs and is illustrative of observer-selected photo¬ 
graphs. 


To assess the phenomenon noted in the picture below imagery from the advanced very high 
resolution radiometer, an instrument flown on the NOAA-8 weather observing satellite (Na¬ 
tional Oceanic and Atmospheric Administration), was examined. This image was produced 
from two bands (of seven) most sensitive to blue-green wave lengths and confirmed the 
phenomenon as a phyto-plankton bloom. These comparative images illustrate the synergis¬ 
tic interaction of manned synoptic'observation enhancing the data acquisition from auto¬ 
mated spacecraft. Other examples can be cited in which crew observations have been and are 
being used to characterise or identify phenomena first detected by automated spacecraft. 

„ Such synergism facilitates the transition from data acquisition to information acquisition and 
illustrates the importance of both systems, manned and unmanned, as complementsto each 
other. 
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the arm and the viewing systems. Our 
current approach is to use manual con¬ 
trollers for translation and attitude con¬ 
trol of the manipulator members and 
to develop voice commands to man¬ 
ipulate camera selection, pan, tilt, 
zoom, and focus. The use of voice com¬ 
mand significantly improves rapidity 
of operations and, therefore productiv¬ 
ity. 

There wil I always be activities which 
require EVA for direct crew manipula¬ 
tion of devices. The design of the EVA 
equipment for such operations offers a 
significant challenge in providing 
crews with efficient life support enclo¬ 
sures that require minimum energy to 
manipulate, where display and con¬ 
trols for the operating systems are 
easy to use and where the task 
documentation and tools are readily 
accessible. 

Manned or Unmanned 

Our experience suggests that man- 
ne I and unmanned systems are com¬ 
plementary There have been numer¬ 
ous instances in the past 25 years in 
which we have detected phenomena 
during manned flights and later 
developed automated systems by 
which they could be monitored. We 
have also detected and identified 
phenomena on manned missions 
which had been latent in the imagery 
from unmanned operational systems; 
but because it was unanticipated, it 
was never recognised. The human sen¬ 
sory and cognitive system makes 
people extraordinarily efficient differ¬ 
ence detectors. It is anticipated that 
manned and unmanned systems will 
continue to be complementary. Con¬ 
tinuous and routine operations are 
obviously best done by automated 
spacecraft, but synoptic viewing by 
crews will continue to detect and iden¬ 
tify phenomena of both instantaneous 
and long-term significance. Eventu¬ 
ally, such experience may be codified 
into automated observing systems 
that send information to the ground, 
rather than extended streams of raw 
data which subsequently require 
extensive synthesis and analysis. 

For the past 27 years, an ever 
increasing torrent of data has come 
back from space - all of which cannot 
and probably should not be examined. 
However, buried in the torrent, are 
gems of great value if we had the wit 
and skill to recognise them. Com¬ 
plementary operation of manned and 
unmanned observing will be needed in 
order to distinguish information from 
data. 

In many discussions of manned 
space systems, the question is raised, 
"Why not use unmanned automated 
systems?" This is not an either-or 
question, and it is basically mis-stated. 

All systems are manned, for only 
man acts with purpose. The question is 
one of man's proximity, in place and in 
time, to the activity. Inthelimit, man is 
present only at the design and man- 
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The National Commission on Space illustrated a manned Mars outpost analagous to the Antarctica research stations as a suita6ie goal to illustrate its future exp¬ 
loration theme. This illustration is from the cover of the report. Robert McCall 


ufacturing for the untended automa¬ 
ton. We have no such system in space 
and few on Earth. In managed, auto¬ 
mated systems, operators constantly 
or intermittently participate in main¬ 
taining or modifying systems, but 
physical proximity is not required. In 
man-tended systems, periodic in situ 
presence is required. In manned sys¬ 
tems, man's presence in continuous; 
but his participation in any given activ¬ 
ity is often intermittent or only required 
if automated systems fail or prove to 
be inappropriate to the context of the 
situation. 

Simple deterministic tasks can be 
automated and should be. Some tasks 
which Depend upon contingent deci¬ 
sions can be automated when the 
designer has expert knowledge of both 
the system and the contingencies 
which will require choice. A dilemma 
arises as one rarely has, especially in 
large, complex, newly designed sys¬ 
tems, either expert knowledge of the 
components or subsystems that com¬ 
prise the system, nor a complete and 
comprehensive knowledge of all the 
operations the system will be called 
upon to perform. The effect is to make 
manned inclusion desirable because 
skilled crew are so easy to "prog¬ 
ramme" compared to any available 
alternative. This is really the most sig¬ 
nificant point - people are so much 
easier to programme or reprogramme 
than any system of comparable capa¬ 
bility. The more highly skilled the 
people are, the easier the reprogram¬ 
ming; much of which can be done by 
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the crew itself in real time. 

Unmanned systems, man-tended 
systems, and varying levels and types 
of automation in manned systems will 
beusedto conduct operations in space 
efficiently, effectively and safely. There 
are significant challenges in enhancing 
the interface between men and 
machine in all of these contexts. The 
challenge for men in space exploration 
and exploitation in the future is as 
great as it has ever been in the past. 

The Space Future 

The National Commission on Space 
reported to President Reagan on July 
21,1986 and to the Congress on July22 
the results of their one-year delibera¬ 
tion of future roles of the US space 
programme. The Commission advo¬ 
cated three themes that the nation 
should pursue; science, exploration, 
and commercial enterprise. 

A long-term goal that the Commis¬ 
sion advocates is a manned outpost on 
Mars. Such a proposal may seem 
unreasonably bold, but as an objective 
40 years away, it may be modest. Keep 
in mind that the first flight of the Shut¬ 
tle camewithin in one month less than 
25 years after the flight of Yuri Gagarin, 
the first manned orbital flight. Within 
that span of 25 years, the United States 
has landed men on the Moon, operated 
its first Skylab Space Station, and 
developed the Shuttle. The USSR has 
developed a family of manned and 
unmanned vehicles to service and sup¬ 
port its Salyut and Mir Space Stations. 
In such a context, a Mars outpost 40 


years from now does not seem 
unreasonable. 

The near-term charge thatthe Com¬ 
mission has made to the President and 
Congress is that the nation needs to 
immediately embark upon a significant 
increase in its technology develop¬ 
ment and advanced mission studies. 
The Commission expressed great con¬ 
cern that the progress in flight prog¬ 
rammes in the past 15 years has been 
based on a technological and human 
resource base built in the 1950's and 
1960's and that the resource had not 
been replenished. 

Therefore, the Commission has 
recommended a 300 per cent increase 
in technology and advanced mission 
studies. NASA has responded with a 
Civil Space Technology Initiative in 
order to begin restoration of the 
technology base. 

The Commission's vision is a chal¬ 
lenge which may be difficult to 
respond to at a time when we are con¬ 
stituting our ability to launch and are 
still endeavouring to define the Space 
Station. The best guidepost for a con¬ 
stant course is always on a far horizon. 
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An Opportunity to Share in a Part of Astronomical History 

SIX STAR MAPS 

Reproductions of Constellations 



Johannes Bayer (1572-1623), the 
author of Uranontetna was a 
Bavarian lawyer. This drawing is 
taken from a rare portrait of him 
in the late 16(h century. 



# The constellations reproduced are Bootes, Hercules, Cygnus, Auriga, Pegasus and 
Argo. 

# Each of the six pictures is printed in sepia on antique type paper to preservethe original 
characteristics of the Bayer Atlas. 

# The prints are suitable for wall display, framing and preservation as collectors’ items, 
or would make quite unique presents. They provide faithful actual-size reproductions 
of the original pages with titles added underneath in large typeface for display pur¬ 
poses. Size: 507 mm x 400 mm, including a 60 mm surround. 

PRICE: for one set of SIX Star Maps (inclusive of postage and 
packing) £20.00 ($35.00). 


From the 1603 Edition of Bayer’s Uranometria 

The Uranometria (Atlas of the Heavens) first appeared in the year 
1603 and continued as a major work of reference throughout the 17th 
and 18th centuries. 

It consists of 51 copper-engraved star maps recording the approxi¬ 
mate positions and magnitudes of some 500 stars observed by Bayer 
himself, in addition to those that had formed the renowned catalogue 
of the Danish astronomer, Tycho Brahe, only a year earlier. While 
adopting the magnitudes and positions of Tycho’s stars, it gave - for 
the new stars - the magnitudes that Bayer had recorded himself. He 
■ also adopted a system of notation of brightness, based on the Greek 
Alphabet, viz: alpha, beta, gamma, etc, for the six orders of magnitude 
handed down from antiquity. Bayer identified 1706 constellation stars 
of these magnitudes, plus 325 that are not in clearly identifiable con¬ 
stellations. 

To: The British Interplanetary Society, 

27/29 South Lambeth Road, London, SW8 1SZ, England. 

Please find enclosed a remittance of.for.set(s) of SIX 

BayerStar Maps at £20.00 ($35.00) persetfor immediate despatch to: 


NAME 


These items are available as part of our fund-raising programme in support of the 
new extension to the Society's HQ premises. 


PImm Photocopy 



• Eight inch Fluted Bone China Plate with Gold Edging and Congress Logo in Blue. 


# This plate is a fine example of English bone chma by Goss, which is a part of Royal 
Doulton specialising in commemorative china. 

# An exclusive edition of 600 plates (un-numbered) has been commissioned and production 
will be strictly limited to this total number. 

# The plate will be available from October 12, 1987 which is the Opening Day of the Con¬ 
gress. 

# To ensure delivery to your UK or overseas address directly after October 12, 1987, 
please order now enclosing the appropriate remittance. 

PRICE (inclusiveof postage and packing): £ 1 1.00 (to UK); £ 12.00 or $20.00 (overseas). 


— a lastmg momento of a major event of international astronautics. 

COMMEMORATIVE 

8 inch fluted china 

PLATE 

In honour of the 38th Congress of the International Astronautical 
Federation (IAF) to be held in Brighton, UK from October 10-17,1987, 
the British Interplanetary Society has commissioned the production of a 
special commemorative plate bearing the Congress logo. 

IAF Congresses have been held annually since 1951 in Europe, Asia and 
America and represent a nugor activity of peaceful international space 
cooperation. The total IAF membership now runs to 80 organisations 
from 40 countries. It includes many leading industrial organisations and 
represents a vast range of talent among engineers, physicists, 
physiologists, educators, executives and other professionals concerned 
with astronautics. 

The British Interplanetary Society was a Founder-Member of the IAF 
and hosts the 1987 Congress in the United Kingdom. 

To: The British Interplanetary Society, 

27/29 South Lambeth Road, London, SW8 1SZ, England. 

Please accept my order for.38th IAF Congress Commemorative 

Plate(s) for postal delivery to the following address after October 12, 
1987: 

NAME _ 

ADDRESS _ 


I enclose a remittance for £.$.(£11.00 UK: £12.00 or 

$20.00 overseas per plate inclusive of postage and packing). 
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SPACE AWARD FOR SOCIETY 

The 1987 Arthur C. Clarke Award for Space Education is to 
be made to the British Interplanetary Society with Mr. Len 
Carter, Executive Secretary, as the nominated personal reci¬ 
pient. 

The announcement of the Award states that "since its 
founding over 50 years ago, the British Interplanetary Soci¬ 
ety has led the world in pioneering space educational publi¬ 
cations and activities. The Arthur C. Clarke Award for 1987 is 
especially dedicated to honour Mr. Carter's talents and 
efforts as Executive Secretary of the BIS. It recognises his 
immeasurable role in creating and guiding the Society's out¬ 
standing programmes in spa$e education." 

The Award was created in 1983 to recognise outstanding 
personal and society contributions to space education and is 
administered annually by SEDS (Students for the Explora¬ 
tion and Development of Space) whose headquarters are at 
The Massachusetts Institute of Technology, Cambridge, 
USA. 

In the tradition which has been established for the Award, 


The-fol lowing letter of congratulations has been received by 
Mr. Carter from Arthur C. Clarke. 

Dear Len, 

I was so delighted to hear that you and the BIS have just 
received the 1987 Arthur Clarke Award for Space Educa¬ 
tion. 

I would like to add my congratulations to those of all the 
other people who have doubtless written to you! 

I sincerely hope that you can goto the US to deliver the 
address in due course. 

All good wishes, 
ARTHUR 



Mr. Carter will be presenting ine Keynote aooress as tne 
International Award Banquet of SEDS this summer when the 
Award will be made. 

Past recipients of the Award are: Dr. David C. Webb 
(1983); Dr. Carl Sagan (1984); Dr. Philip Morrison (1985); and 
Dr. Gerard K. O'Neill (1986). 


Mr. Len Carter. 



Special items available from the Society 


TIES 

Now in stock is the Society's dark blue tie with the tradi¬ 
tional design of rocket and three stars in white. The price, 
inclusive of postage and packing, is £6.00 UK (abroad £6.50 
or US$11.00) which has remained unchanged for some 
years. 

The tie is a useful and unique item to possess. Newer 
members may not be aware of its availability and may like to 
take this opportunity to acquire this means of signifying their 
association with the Society. 

Longer-standing members may like to consider a replace¬ 
ment for their previous, and probably by now much-worn 
ties. Just write to the Society with remittance enclosed and 
the tie will be despatched immediately. 


COM ME MORA TIVE PLA TE 

As announced opposite the Society has commissioned 
the production of an eight inch bone china plate to com¬ 
memorate the holding of the forthcoming 38th IAF Congress 
in the UK. 

Only a limited number of 600 plates will be available and 
members are advised to order as early as possible. Priced at 
£10.00 (plus postage and packing) the plates are expected to 
be a popular acquisition as a momento of this major interna¬ 
tional event. Orders will be despatched on the Opening Day 
of the Congress, October 12,1987. 


REPRODUCTION STAR MAPS 

The publication of the Star Atlas of Bayer in 1603 was a 
landmark in the development of positional astronomy. The 
Society is fortunate to hold one of the remaining copies of 
thisfirst edition, which members may recall was the subject 
of an earlier article in Spaceflight of March 1985 (p.117). 

The individual star maps have an artistic quality in addi¬ 
tion to their scientific merit and the Society has arranged for 
a selection of six of the maps to be reproduced to conform as 
closely as possible with their original presentation. Further 
details are provided in the announcement. 

The reproductions are now available as a set of six for 
£20.00 inclusive of postage and packing. All proceeds from 
the sale of these items are being allocated to the Society's 
£80,000 Building Appeal. Members are urged to support the 
Appeal in this way and at the same time acquire these attrac¬ 
tive representations of an important piece of astronomical 
history. 


NASA VIDEO TAPES 

The Society has acquired the exclusive UK distribution of 
an extensive set of NASA Video Tapes which has been pre¬ 
pared by Istead, the Birmingham-based communications 
technology specialists. Detailsof a selection of theset appear 
on the back inside cover of this issue. Orders should be sent 
to the Society from whom details about the full set of tapes is 
available on request. 
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FIRST CLASS MAIL 

A speedier delivery of Spaceflight to UK members can be 
expected beginning with the next issue when despatch will 
be by First Class Mail. 

Our apologies to any UK members who did not receive 
their May issue on time. This was due to the way in which the 
despatch was handled by our mailing agents and steps have 
been taken to ensure that a similar delay does not arise 
again. 

It is intended that members should receive their copies of 
Spaceflight as early as possible and the introduction of First 
Class Mail is expected to bring a noticeable improvement. 

ASTEROID NAMED 

We are delighted to learn that BIS Fellow W.A. Bradfieldof 
South Australia has been honoured by having asteroid 3430 
named after him. The announcement was made recently in 
Minor Planet Circulars and we extend our congratulations to 
him on receiving this important recognition. 

'More Space for SPACE' 

The Society's Headquarters 

As announced in our last issue, planning permission has 
been granted for a much needed extension to the Society's 
Headquarters. The yard at the rear of part of the property 
(No. 27) wNI be built upon to provide extra working space on 
the ground floor and to extend library and publication^ 
facilities on the floor above. 

The Society has occupied its present premises for more 
than eight years during which time its work has greatly 
expanded in both scale and influence. It is now urgent that 
the proposed building work is started as soon as possible to 
provide 'More Space for SPACE'. 

Contributions are urgently sought to the Society's £80,000 
Building Appeal Fund and members, in particular, are urged 
to support this step in the Society's development. Please 
send whatever you feel able to contribute. This will be most 
gratefully received and acknowledged. 


EXTRA ISSUES OF'SPACEFLIGHT' 

Arrangements are in hand for the publication of two 
supplementary issues of Spaceflight for the two months of 
the year (July and October) when the magazine would not 
otherwise appear. 

These issues will be devoted to articles on a range of 
space topics and provide a valuable addition to the ten regu¬ 
lar issues of Spaceflight which members normally receive. 
The extra supplements will also conveniently fit into the 
annual Spacefjight binders for these are designed to accom¬ 
modate up to 12 issues. 

Those members who have already remitted £4.00 (or 
US$6.00) for the two issues of Space Education in 1987 will 
now automatically receive the two supplementary issues of 
Spaceflight in lieu of Space Education, publication of which 
will be suspended, the last issue being Vol, 1. No. 12, dated 
Autumn/Winter 1986/7. Articles and reports relating to space 
education will now be re-allocated to the July or October 
Spaceflight supplements. 

All other members can secure the July and October 
Spaceflight supplements by post by simply writing to the 
Society by June 15 and enclosing a remittance of £4.00 
(US$6.00). 


SHUTTLE TRIBUTE 

BIS Fellow and space artist Ian Moule has received a letter 
from John Young, Chief of the Astronaut Office, about his 
Space Shuttle painting which now hangs in the Astronaut 
Office at the Johnson Space Center. 

The picture was prompted by the Challenger disaster, 
when Ian was so moved by the tragedy that he painted the 
picture as a memorial and handed it over to astronaut Claude 
Nicollier at the SPACE '86 conference in Brighton last year. 

In his letter, John Young writes: “It was a thoughtful ges¬ 
ture to give this fine piece of work to the Astronaut Office 
where it is on display along with other tributes to the 
astronaut corps." 

Young has now taken up a new appointment and his pos¬ 
ition taken by Daniel Brandenstein (see p.234) 



The Headquarters of the Society 

“Your generous support will help our building programme to go ahead without delay " 
Charity Commission No 250556 Rex Turner, BIS President 1985/7 


I have pleasure in enclosing a contribution* towards the Society's Building Appeal of £ 
I would like to receive a copy of the Society's Brochure ‘Guide to Aims and Activities' 


$ 


□ 


NAME £80,000 is urgently required for an extension to the Society's 

premises to enable its operations and facilities to support 



Send to: The Executive Secretary, The British Interplanetary Society, 27/29 South Lambeth Road, London, SW8 1SZ, England. 
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MEETINGS DIARY 

Society meetings unless otherwise stated are held in the 
Society's Conference Room, 27/29 South Lambeth Road, 
London SW8 1SZ. Meetings are restricted to Society mem¬ 
bers unless otherwise stated. Tickets should be applied for 
in good time by writing to the Executive Secretary at the 
above address enclosing an SAE. Members may bring one 
guest. 

LIBRARY OPENING 

The Society Library is open to members on the first 
Wednesday of each month (except August) between 5.30 pm 
and 7 pm. Membership cards must be produced. 

6 June 1987,10 am - 5 pm Symposium 

SOVIET ASTRONAUTICS 

Offers of papers are invited. Society members with a special 
interest in the Soviet Space Programme are invited to attend 
the symposium to be held at the BIS HQ, London. A 
registration fee of £5.00 (members), £7.00 (non-members) is 
payable. Forms are available from the Executive Secretary, 
British Interplanetary Society, 27/29 South Lambeth Road, 
London SW8 1SZ. Please enclose a stamped addressed 
envelope. 

19 September 1987,12 noon AGM 

42nd ANNUAL GENERAL MEETING 

The 42nd Annual General Meeting of the Society will be held 
in the Society's Conference Room, 27/29 South Lambeth 
Road, London SW8 ISZ.on Saturday, September 19,1987 at 
12 noon. Details of the Agenda will be published in due„ 
course. 

Admission is by ticket, available to Fellows only, who should 
apply in good time enclosing a stamped addressed 
envelope. 

Council nominati on forms are obtainable from the Executive 
Secretary. These must be completed and returned not later 
than 12 noon on June 26, 1987. 

If the number of nominations exceeds the number of 
vacancies, election will be by postal ballot. Voting papers will 
then be prepared and circulated to all Corporate members. 

10-17 October 1987 Congress 

38th IAF CONGRESS 

Invited lectures. Symposia and over 600 technical papers will 
be presented. To beheld at Brighton, England, hosted by the 
British Interplanetary Society. To go on the mailing list for 
free information send your name and address to: "38th IAF 
Congress", The British' Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ, England. 

13-15 October 1987 Exhibition 

SPACE ‘87 

SPACE '87, an International Exhibition of Space 
Technology will be held jointly in Hall six of the Metropole 


Hotel, Brighton and in the nearby Brighton Centre. It is open 
to Society Members and Members of University or 
Polytechnic Departments on any of the above dates. 

Admission tickets will be required for those who are not 
registered participants at the 38th IAF Congress which will be 
held concurrently at the same venues. Tickets may be 
obtained, free of charge, by applying to the Society enclosing 
a reply paid envelope. Each member of the Society is also 
entitled to bring one guest, in which event a second ticket 
should be requested. 


15 October 1987 

SPACE '87 - Education Day 

Teachers wishing to arrange visits by school parties to 
SPACE '87 on this date should contact the Society. 


17 October 1987 

Technical Visits Tours 

The Society has arranged two all-day technical visits to 
take place on Saturday, October 17,1987 as follows: 

Tour 1: The National Remote Sensing Centre, Farnborough 
and the Meteorological Office, Bracknell. 

Tour 2: TheRutherford Appleton Laboratory, Didcotandthe 
UKAEA Culham Laboratory. 

Each Tour includes the provision of luncheon and 
transport by private coach to and from Brighton, with a stop 
on the return journey at Victoria Station for those wishing to 
disembark in London. The Tours may be joined either at 
Brighton or at the first organisation visited. 

Members of the Society can apply for a place on either of 
these visits by writing to the Society enclosing the 
appropriate fee: (Tour 1, £22.50; Tour 2, £17.50). Members 
who will be attending the 38th IAF Congress should apply on 
the Congress Registration Form, copies of which are 
available from the Society. Further details appeared in 
Spaceflight, April 1987, p.168. 

4 November 1987, 7-9 pm Lecture 

FUTURE OPPORTUNITIES FOR 
EXPLORING MARS 

Gary Hunt 

It is more than a decade since the Viking spacecraft made 
their dramatic landings on the surface of Mars. Although our 
knowledge of the planet and the moons Phobos and Deimos 
has naturally increased, in some cases the information 
obtained has left us confused. The question of the possibility 
of past life on Mars and the possible effects of the variable 
climate of the planet are still strongly debated. Now Mars has 
once more become a major element of the planetary space 
programmes for NASA and the USSR. In this talk, we will 
discuss these future missions, which in the next few years 
include the Soviet mission to Phobos, the NASA 
Geochemical and Climate Orbiter, and the prospects for a 
Mars soil return mission and manned flight to the Red Planet. 

Admission to members only. Please apply for ticket in good 
time enclosing SAE. 
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Soviet Science Module 

Sir, Dietrich Haeseler is to be congratulated on the accuracy 
of his analysis in "Design Features of the Mir Space Station", 
( Spaceflight, Nov. 1986, p.384). Despite my scepticism, the 
new Kvant module has indeed docked at the rear end of Mir, 
where it seems likely to stay. It has also been provided with 
a docking port so that Soyuz TM or Progress craft can be 
docked. I shall wait with interest to see whether Mir can be 
refuelled in this position and whether it can be used to adjust 
the orbit of the complex. Presumably future modules will 
dock at the front axial port then transfer to a lateral port. 

Furthermore, the Soviets have clarified the design of 
Kvant's interior ( Spaceflight , May, 1987, p.184 and this issue, 
p.236). It is now clear that the main laboratory bay is pres¬ 
surised and that the crew will be spending a large part of their 
worktime insidethis bay. 

The officiaPsTatistics released are rather curious. Overall 
lengthofMi r-Soy uz TM2-Kvant was g i ven a s 3 5 m, a n d o ver- 
all mass as 51 tonnes (t). Length of the laboratory module 
was said to be 5.8 m and mass 11 t, while overall mass of 
Kvant, including service unit was 20.6 t. Using the accepted 
figures for Mir (13.5 m long), and Soyuz TM (7 m long, 7 t 
mass) this gives a length for Kvant's service module of 8.7 m 
and a combined length for Kvant of 14.5 m - equal to Salyut 
7 and longer than Miritself.lt also gives a mass of 9.61 for the 
Kvant service module and 23.41 for Mir, rather larger than the 
20 t which is usually quoted (see table). Perhaps the official 
figures include the large amount of scientific equipment 
brought to Mir since its launch? 

Mir Kvant SM Kvant LM SoyuzTM Total 

Length (m) 13.5 8.7 5.8 7 35 

Mass (t) 23.47 9.6 11.0 7 51 

PETER R. BOND 
Sheffield, England 

Human Error 

Sir, Following the letter by T. Devereux ( Spaceflight, April 
1987, p.170) regarding an anti-moonshot article in the Daily 
Telegraph, the first sentence of the quoted paragraph 
suggests the writer is anti-scientific anyway. There is no 
'human race' - there are races (plural) of humans. 

A.S. PAULIN 
Romford, England 


Apollo Politics 

Sir, I respond to Tony Devereux's letter ( Spaceflight, April 
1987, p.170) to reassure him that the vast majority of people 
appreciate the benefits and capabilities that space explora¬ 
tion has brought. 

Christopher Booker (Daily Telegraph, Saturday, February 
28, 1987) may, indeed, be a part of that minority of people 
who believe that space exploration/exploitation is a waste of 
time, money and resources, but such a minority simply can¬ 
not influence a major change in public opinion. Let us then 
try to convince Mr. Booker of the usefulness and necessity of 
space exploitation. 

In 1957, the United States was not only stunned but 
humiliated by the Soviet launch of Sputnik 1, and to make 
things worse, its own first satellite launch attempts failed 
miserably. Even after the launch of Explorer 1, US satellites 
(although doing great work, e.g. the discovery of the Van 
Allen radiation zones) appeared rather feeble in comparison 
to the size of the Soviet satellites. 

With the massive publicity surrounding Project Mercury, 
everyone was convinced the United States would be the first 
to put a man in space. But once again they were humiliated 


by Vostok 1 and Yuri Gagarin. The United States and Presi¬ 
dent Kennedy felt that national prestige had to be restored to 
the country's civilian space programme and the Apollo 
Moon Programme was embarked upon. Additionally, Apollo 
provided the necessary impetus for an intensive exploration 
of the lunar environment; hence the Ranger, Surveyor and 
Orbiter probes. 

But Apollo could not provide the basis for a long-term 
national civilian space programme. Apollo was a one-off, 
short-term, prestige-gathering exercise which provided the 
opportunity to conduct intensive scientific exploration of the 
Moon and helped advance the technologies for future space 
programmes. It has no real bearing on today's programmes 
and is therefore not a good example to cite when debating 
the pros and consof space flight. 

So to answer Mr. Booker; yes, Apollo was a 'dead-end' of 
a sort, but it certainly was not baffling - it was a necessity to 
bolster the national morale of the United Sfates and what it 
achieved for mankind was the exploration of the lunar envi¬ 
ronment. It helped formulate techniques in advanced com¬ 
puting, it advanced the theories and dynamics of structures 
and materials, it helped us advance physiological and 
biological knowledge by enabling us to study the adapta¬ 
tions of the human body and other organisms to the abnor¬ 
mal conditions of weightlessness - in short Apollo has 
played its part in the massive expansion in human know¬ 
ledge and understanding, and in this way it did, in fact, 
"bring us closer to some ultimate truth" or to a "greater 
sense of humanity". 

EDWARD R. LYONS 
Manchester, England 


The Solar System of 1846 

Sir, I would like to donate the enclosed book to the Society's 
historical collection in the hope that you may find it of 
interest. It is The Solar System by Thomas Dick LL.D. and 
published, perhaps somewhat incongruously by present 
outlooks, by the Religious Tract Society of London. The influ¬ 
ence of its sponsors shows clearly throughout. While main¬ 
taining a very high degree of scientific accuracy by the stan- 
dardsofitsday, no opportunity is lost to glorify the handiwork 
of a sujjreme Creator manifest at every turn in the intricate 
mechanics of the universe. 

The volume belonged to my grandfather and came to me 
through the estate of my grandmother. There is no date of 
publication printed on the flysheet, but a fairly accurate 
guess can be made from an examination of the astronomical 
knowledge displayed within: as an obvious example, the 
planet Neptune (identified towards the end of 1846) is not 
mentioned. The best clue to the date, though, lies on page 27 
of part two where the discovery of an asteroid ("Astraea") on 
December8,1845 is described as being "within the last four 
to five months". The date can therefore be ascribed to 1846, 
between March (page 100, part two, describes the appear¬ 
ance of Gambart's Comet in that month) and about October 
(Neptune was identified near the end of September). The 
style of dress of the gentleman astronomer depticted in the 
frontispiece accords with this period, and on pages 191-2, 
part two, the author cites such illustrious names as Flerschel, 
Airy and Earl Rosse amongst others, as being "in the present 
day .. distinguished cultivators of the science of the 
heavens", the Flerschel being Sir J. Herschel, son of Sir Wil¬ 
liam the discoverer of Uranus (page 190, part two refers.) 

Many other fascinating glimpses of the prevalent scien¬ 
tific outlook of the early Victorian period are to be found in 
the text, an outlookin turn both whimsically quaint and pierc¬ 
ingly shrewd. Page 175, part one, is headed "Lunar Inhabit¬ 
ants" and describes the sighting during the eclipse of 1836 of 
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a "distinctly perceived" atmosphere around the Moon! 
There is "little doubt", the author states, that the Moon "is a 
world replenished with inhabitants": the basis for this line of 
reasoning being the irrefutable fact that it would be "highly 
improbable that the Creator would leave a globe containing 
a surface of fifteen millions of square miles altogether desti¬ 
tute of sensitive and intellectual beings..." Mercury also is 
described as - "we can scarcely doubt" - the home of possi¬ 
bly "a population larger than even that of our globe" (page 
100, part one). Jupiter is assumed the abode of life (page 49, 
part two) with a population who observe the interplay of the 
Jovian moons to "exhibit many curious and sublime 
phenomena to its inhabitants", and which "must be highly 
interesting and gratifying to the astronomers ... in that far 
distant world." The very rings of Saturn must exist to "form 
a habitation for numerous orders of intellectual beings ... it is 
highly improbable ... that such a space should remain for 
ever as a barren desert without contributing to ... intellectual 
enjoyment." (page 70, part two). Uranus is also a life-sup¬ 
porting planet (page 77), with beings whose eyes "may be so 
constructed as to take in ten or twenty times the quantity of 
light which our eyes would receive". (And this some 13 years 
before publication of Darwin's "Origin of Species" and the 
natural selection theory in 1859.) Even comets (page 104, 
part two) "are intended as habitations for various orders of 
intellectual beings ... adapted to the nature ... of the world in 
which they are placed." Mountains observed on Venus and 
oceans of water on Mars also make an appearance. 

The "Explanation Of Terms" at the end of the book also 
provides food for thought, with a number of essential words 
which have now passed out of common scientific usage: 
Almicanters (lines of celestial altitude): Amphiscii (inhabit¬ 
ants of the torrid zone whose shadows point south one part 
of the year and north another): Antoeci (those who live on 
one meridian but at equal distances either side of the' 
equator): Heteroscii (the inhabitants of the temperate zones 
whose shadows revolve for six months): Syzigy (the moon at 
opposition, conjunction or new or full). 

The book also contains, of course, much that is accurate ._ 
and clever, such as the conclusion that light moves, and at a 
speed of "about one hundred and ninety two thousand miles 
every second" based on time differences observed during 
eclipses of Jupiter's satellites at Earth's closest and furthest 
approach, which yielded a difference of16andahalf minutes 
for light to cross the Earth's orbit, which for 1846 and prior is 
remarkably close to our present value for c. 

It is all too easy when in a position of hindsight to smile at 
the notions of the past. Perhaps the greatest value of a book 
such as this to readers of the present, apart from allowing us 
a rare peek at the juvenescence of our science, is to encour¬ 
age us to take a longer view of our own cherished and com¬ 
fortable beliefs and prejudices and imagine, if we can, how 
those of 140 years in our own future might delight in the 
examination and dissection of our own writings! 

PETER W. MILLS 
Kent 

Ed. The Society gratefully acknowledges the donation of 
this book to its historical collection. 


Only Four Orbiters 

Sir, In order to fulfill the absolute minimum requirements in 
manned space flight the US needs four Space Shuttle orbit¬ 
ers. This number could allow both NASA and the Pentagon 
to perform maybe 14 flights per year (Richard Truly esti¬ 
mated only 12 per year as a probable figure). This basic flight 
rate enables the US to perform some military missions plus 
launches required for erecting and maintaining a basic ver¬ 
sion of the space station. 

However, this estimate does not account for two very 
important aspects. First: it neglects any increase in manned 


space flight activities beyond that already planned within the 
nexttwo decades. And second: going into space is a danger¬ 
ous business. One of the orbiters could be lost at any time. 

Unrealistically, it is assumed that everything goes well 
until around the year 2005 whenthe "Orient Express" begins 
its test flights and is possibly ready for business some five 
years later. The estimate, therefore covers not less than 20 
years of Space Shuttle flight service without any further acci¬ 
dents. 

But let'sfacethe facts: the Space Shuttle is a highly com¬ 
plex vehicle. Launch and landing will always be times of high 
risk. 

I believe in manned space flight and I am convinced that it 
is worth the risk. But one must not be an extreme pessimist 
to consider a serious accident likely in over two decades of 
operation. What does the US intend to do in such a case? 
What is the "fall back" position-abandon the space station? 
Retain the remaining shuttles for military high priority mis¬ 
sions? Abandon all manned fights? 

One suggestion for a realistic Shuttle fleet could be: 

1990: Fourth Orbiter as Challenger replacement. Delivery 
brought forward because of the growing payload 
backlog. 

1993: Fifth Orbiter as originally planned by NASA, mainly as 
a circulation reserve. 

1996: Sixth Orbiter as mission rates increase with the start 
of space station flights. 

1999: Seventh Orbiter for Space Station expansion, espe¬ 
cially because of increased crew size and transport of 
processed materials from the Station to Earth. 

2002: Eighth Orbiter as the first replacement within the fleet 
(probably replaces "Columbia"). 

2005: Ninth and last Orbiter as second replacement. 

This timetable assumes: 

1. That the Aerospace plane is able to support normal US 
space mission requirements in its test flight phase, lasting at 
least until 2010. 

2. That not more than one Orbiter is an irreparable loss 
within this time. 

3. That the rate of manned space flight activities does not 
more than double within the nexttwo decades. 


Finally, I have included the following estimate of the 
number of persons permanently in space up to the year 2000. 


Year 

USSR 

USA 

1987 

2-5 

0 

1990 

6-8 

0 

1993 

12-15 

0 

1996 

20-30 

2-4 

2000 

30-50 

4-6 


EUGENE K. REICHL 
Rosenheim, W.Germany 


Australia Turns to Space 

Sir, I have noticed that Australia does not often get a mention 
in Spaceflight, and no doubt that is because we, sadly, 
allowed our involvement in space projects to decline since 
the sixties. 

Fortunately, that state of affairs is beginning to change, 
and one encouraging sign of the change is the Queensland 
Government's proposal to establish an international 
spaceport in Cape York. 

JANE L. BROOKS 
South Australia 
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Quality Control 

Quality control is without doubt an important matter. 
Technological progess depends on it. When everything 
works as it should, the role played by quality control is easily 
overlooked and other forces begin to gain an upper hand in 
the decision-making process. That is until some major 
technological disaster occurs, when questions are asked and 
the spotlight again falls on quality control. Bruce Remsbery, 
who was formerly Metrology Manager at TRW Systems, a 
major US government contractor, offers this 'tongue-in- 
cheek' challenge to industry. 

Sir, The nuclear disaster at Chernobyl highlighted concern in 
the minds of many professionals as to our real appreciation 
and understanding of total quality control in a variety of pro¬ 
jects not necessarily those confined to nuclear reactors. 

Judging from personal experience, it seems reasonable 
to take the US aerospace industry as a standard example, 
particularly those parts of it with governmental and military 
programmes which are progressively monitored throughout 
their life cycle. 

Quality involvement commences at the Design Review 
which looks at structural and other aspects from the safety 
angle. Once approved these go into the engineering drawing 
phase, where design checkers represent the quality element 
of that part of the project. If tooling is involved, this again 
goesthrough Design Review with fabrication planning writ¬ 
ten to include progressive quality inspections and an assur¬ 
ance that such checks are performed with currently calib¬ 
rated instrumentation. 

Detailed fabrication planning will again require an 
INSPECT action after each major step in the make process. 

Final testing to ensure that a completed assembly meets 
all required engineering criteria is, in itself, a quality-oriented 
action. 

Unfortunately, however, human nature being what it is, 
funding and time constraints may degrade what might other¬ 
wise have been a well engineered and quality controlled pro¬ 
ject. 

The first indication of "corner-cutting" on quality usually 
occurs on commercial projects, where a budget-conscious 
project manager may rationalise that, as there is no gov¬ 
ernmental requirement for 100 per cent quality, they can get 
by with a watered down quality plan, and thus save some 
money. 

Harrassed project office people have been heard to say 
how very much they are in favour of on-going quality assur¬ 
ance but nothing absolutely nothing, must come in the way 
of completion on schedule, so, "Gee-whiz, we're sorry!" The 
ultimate fiasco was the quality inspector who was actually 
threatened with physical violence by a contractor if he found 
anything to delay the project. 

A good indication of how the quality team is viewed is 
sometimes found in the organisation chart where, for exam¬ 
ple, there are vice-Presidents heading up Personnel, 
Engineering and Manufacturing, but the Quality boss is a 
mere Director. 

Above all, beware the organisation that shows the Quality 
Control element reporting to the Head of Manufacturing. 
Such an arrangement removes the essential ingredient of 
quality independence, and in the USA would be enough to 
delay the receipt of government contracts. 

Where do we really stand on quality control in the UK? My 
impressions are perhaps sharper by having returned to Eng¬ 
land after a long period of absence. 

My first quarrel was with the packaging business in gen¬ 
eral, and in particular with the people who incapsulate about 
20 wood screws in a bombproof plastic bubble, welded to a 
piece of cardboard. 

The US version has a perforated rear for easy extraction, 
but we are forced to stab in desperation with an ultimate loss 
of contents. Then there is that litre carton of fruit juice with 


instructions to cut along dotted lines. I have followed that 
instructions with the utmost of care only to get squirted in the 
eye! What ever happened at the Design Review on these 
items? In a fit of patriotism, I bought a new English car of 
well-known make and have had problems throughout and 
beyond the warrantee period. 

Some recent experience with the UK aerospace business 
leads me to believe that they are committed to quality con¬ 
trol. The sad part of this story however is that, in order to 
recruit qualified personnel, their search has been almost exc¬ 
lusively confined to the USA. 

If UK manufacturers are hoping to benefit from sub-con¬ 
tracted portions of the Space Defence Initiative, they will 
probably be surveyed to determine among other things the 
level of existing quality and should be asking a good ques¬ 
tion ... where and how do we really stand on quality control? 

„ BRUCE B. REMSBERY 

Consulting Metrologist 


When NASA Managed Hurricane Relief 

Sir, Shortly after the first Lunar Landing in July 1969, Hur¬ 
ricane Camille struck the Gulf Coast of Mississippi. In spite of 
satellite monitoring, its exact landfall was not accurately pre¬ 
dicted. Still, most of the impact area was evacuated and the 
death toll was minimised. 

Camille was one of the most violent hurricanes ever to 
, strike the mainland of the USA. It was one of the lowest 
’ atmospheric pressures ever recorded (26 inches of Hg), the 
highest winds ever recorded in a hurricane (220 kts, as mea¬ 
sured by radar), and one of the highest tidal waves ever to hit 
the mainland (14 to 20 feet by various reports). The eye hit 
the Mississippi coast at Bay St. Louis and was a very concen¬ 
trated eye. The damage was terrible. The final estimated cost 
of destruction was over $2 billion and the death toll was sev¬ 
eral hundred souls. 

Normally, there are many Federal government agencies 
that move in to offer relief when great natural disasters 
occur. The Federal Emergency Management Agency offers 
direct relief funds. The Army Corps of Engineers finance 
rebuilding of roads, bridges, dams, etc. The Department of 
Education helps rebuild schools and sets up interim schools. 
And so on ... some 13 Agencies are involved. 

As the damage was so widespread and complete, one of 
the Mississippi legislators got the idea ifthe relief funds were 
integrated, it might result with the whole being greater than 
the sum of the parts when the area was rebuilt. Further, ifthe 
rebuilding was "system engineered" with an overall master 
plan, it might be even better. 

By coincidence, the NASA Mississippi Test Facility was 
located right in the heart of the devasted area. NASA had just 
completed the first lunar landing and the recognition of 
NASA's engineering prowess was the talk of the country. 

The idea emerged of putting NASA in charge of all the 
Camille relief and let NASA "system engineer" the whole 
job. The idea was sold to President Nixon and he issued 
Executive Ordedr No. 49 which put NASA in charge of the 
relief with authority to integrate the relief expenditures. 
Unfortunately, NASA did not have "directive control", but 
only planning responsibility plus a form of "veto control". 
Still, this was enough powerto providethe necessary leader¬ 
ship. 

To implement the Executive Order, I was placed in charge 
of the effort and journeyed to Mississippi for a good share of 
the year 1970. We set up offices at the NASA Mississippi Test 
Facility as well as in Gulfport, Mississippi. A Task Force of 
NASA experts was collected and a Recovery Master Plan was 
developed using not only NASA expertise, but also local 
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talent, Mississippi State officials, and experts from other 
Federal Agencies. 

All emergency actions such as flood clean-up, debris 
removal, emergency road and sea-wall repairs were carried 
out with dispatch and efficiency. New flood-proof building 
codes; flood-safe insurance programmes; improved flood 
damage-control facilities, sewers, tidal basins, etc. were 
readily accepted. However, when it came to other activities 
that would have a permanent impact on the socialogical and 
economic way of life it was a somewhat different story. 

One example was the rebuilding of the several dozen 
schools that were destroyed. The schools were poorly 
located for the current population distribution and a sugges¬ 
tion to install a local television broadcasting system with 
receivers in the schools was put forth with the objective in 
mind of giving broader opportunity to the students. The loc¬ 
als rejected this concept (local counties control the schools in 
the USA) as it was felt that too much "outside influence" 
might be imposed on the local thinking. Similarly, the rerout¬ 
ing of major roads was considered in order to match the cur¬ 
rent needs. This, too, was greeted with local opposition. Offi¬ 
cially, the argument was to 'preserve the local colour and 
nature'. 

Still, the overall enterprise was extraordinarily successful 
in my opinion. A Gulf Coast Development Plan was produced 
which, though not strictly adhered to, formed the logical 
basis of the long term development of the area. Though, in 
general, the non-sequitur "If we can land a man on the Moon, 
we certainly can ... (fill in) ..." is more often wrong than right, 

I felt that in this case there was some merit in the analogy. . 

After the plan was published and placed in the hands of 
the local and State governments, NASA backed away from 
further effort in this area. I received an interesting set of 
orders from NASA Headquareters. "We want you to return to 
Washington to head-up another new activity. This is the 
development of a Post-Apollo Plan for cooperation with 
Europe, Canada and others on the Shuttle and Space Station 
Development." 

Capt. ROBERT F. FREITAG 
< Former NASA Director 

Policy and Plans Office 
Office of Space Station 


SETI 

Sir, Bernard Oliver, (Spaceflight, April 1987, p.171) thinks 
evolutionary biologists, like David Raup, are not opposed to 
SETI. Raup actually implies that aliens mimicking intelli¬ 
gence, though lacking it themselves, are more likely than the 
re-emergence of'humanoid' intelligencejlj. 

Raup also implicitly recognises SETI's arbitrary splitting 
of the intelligence from the bodily aspects of the humanoid 
complex. Indeed, Oliver's question whether an octopus's 
descendants could fly spacecraft reflects such a division. The 
evolutionary objections to SETI concern this very point. 

Evolutionary biology is not a predictive science. Influ¬ 
enced by chance variations, themselves unpredictable, the 
'course' of any evolutionary pathway cannot be predicted[2j; 
and similarly for likely taxonomic groups. The possibilities 
are virtually unlimited! Clearly, alien 'phyla' will be radically 
different from anything we have ever imagined. The pos¬ 
sibilities are far too vast to ever expect, as SETI does, that our 
humanoid pattern, however construed, could be duplicated 
elsewhere. 

E.J. COFFEY 
London 

(Wwww 

(1). D.M. Raup, 'ET1 without Intelligence,' in Extraterrestrials, (ed)E Regis, Jr., Cambridge University Press, 
1986. 

|2] M Landau,'Human Evolution the Viewfrom Saturn,'in The Search for Extraterrestrial Life, (ed) M.D. 
Papagianis, 1986. 


IAF Congress Fees 

Sir, I sympathise with Mr. R.W. Birch (Spaceflight, April 1987, 
p.167) over the fees for the IAF Congress. The IAF is intended 
for professionals in the field. Therefore the question of 
salaries and prices for those attending (whether from UK or 
overseas) hardly arises, since their fees and expenses will 
doubtlessly be paid by their employers. Retired people obvi¬ 
ously do not get such concessions. 

There are of course many conferences on many technical 
subjects for practising professionals, where the fees are far 
higher than those for the IAF Congress, but again the dele¬ 
gates to such conferences rarely, if ever, have to pay thefees 
themselves. 

CHRISTOPHER ALLAN 
Stoke-on-Trent, England 

Building Appeal 

Sir, Please accept the enclosed cheque as a donation 
towards the BIS Building Appeal and as a token of thanks for 
a long association. 

WALLY HORWOOD 
Surrey, England 

Sir, Please find enclosed a cheque forthe purpose of the new 
building programme recently announced. I am sorry that the 
amount cannot be greater, but circumstances dictate other¬ 
wise. 

R.S. MacDONALD 
West Lothian, Scotland 

Ed. Contributions to the BIS £80,000 Building Appeal are 
gratefully received and acknowledged. The Appeal is 
made to everyone interested in Space to support the 
Society's work of promoting Space and Astronautics by 
enabling it to expand its facilities and to have 'More 
Space for SPACE'. 


Armstrong on the Moon 

Sir, I have noted the recent correspondence in your columns 
concerning the existence, or otherwise, of photographs of 
Neil Armstrong on the lunar surface. The distinction has 
been made between TV images, automatic sequence camera 
shots etc and "real" photographs taken with a hand-held 
Hasselblad camera. 

It may be of interest to recall that on page 40 of the 
January 1970 issue of Spaceflight there is a photograph of 
Armstrong on the Moon's surface taken by Aldrin from 
inside the LM. The quality of this picture seems to be consis¬ 
tent with the better-known photographs taken by Armstrong, 
and so may qualify as "real". 


C.G.LEGGE 
Bristol, England 
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Wernher von Braun 

March 23, 1987 was the 75th anniversary of the birth of the 
late Dr. Wernher von Braun in whose life's work are found the 
military origins of interplanetary flight with the development 
of the V-2 rocket in Germany and its peaceful realisation by 
the Apollo lunar programme of the USA. 

Sir, Man's greatest trip so far, his journey to the Moon first 
undertaken in 1969, was mainly due to the vision of a Ger¬ 
man, Wernher von Braun, born in Pomerania in 1912 and 
working on rockets in the 1930's. 

The tale really begins earlier-with the Treaty of Versailles 
in. 1918 - when defeated Germany was forbidden to work on’ 
conventional weaponry, and therefore decided to work in 
secret on unconventional developments. It was at the age of 
22 years that von Braun, who was then at Berlin University, 
transferred to a special armaments department under Walter 
Dornbejqer. 



The development of Army rockets was well advanced by 
the mid 1930's when Hitler came to power and von Braun 
was already looking for a permanent test site. He chgse 
Peenemunde, a quiet marshy backwater where he used to go 
duck shooting with his grandfather and where work began in 
1936. The first demonstrations<were made to Hitler in 1938, 
but he was not very impressed. 

After innumerable failures and some 56,000 modifica¬ 
tions, a practical rocket eventually materialised which was 
14.3 m long, 1.5 m diameter with a range of 290 km and able 
to reach 97 km altitude at 1700 metres per second and a cost 
of about £12,000. But despite this achievement, 
Peenemunde was taken off the war priorities list. The first 
word of these rockets reached Oslo on October 17,1939 and 
was relayed to Britain in early November. After some time 
Peenemunde was again given priority and the A4 (as it was 
then known) was fired for the first time on June 13, 1942, 
when it failed. This was followed by another failure in 
August, and it was only on the third firing in October that a 
success was recorded. 

Hitler was angered by the raid on Lubek in the spring of 
1942 and, although there had still been only one successful 
firing, mass production was decided on; meanwhile more 
information began to filter to England from Polish under¬ 
ground movements and Duncan Sandys was appointed to 
look into these 'rockets'. 

1943 was an active year. The RAF had been photograph¬ 
ing Peenemunde and a M2 was pictured there on June 12, 
and interpreted by Dr. R.V. Jones a few days later. Mean¬ 
while, development work continued in Germany despite 
Hitler's doubts and mass production in three factories at 
Peenemunde, Friedrickshafen and Wiener Neustadt was 
planned. The M2 had its 38th failure the same month, but 
Hitler was reassured by a film of the only successful firing, 
shown to him by von Braun, then 31 years of age. 

About this same time, the decision was taken to bomb 
Peenemunde, and the Americans were brought in as 
rumours were first heard of an 85 ton multi-stage rocket 
intended for bombing the USA. An attempt was made to 
knock Peenemunde out of the war on the night of August 17- 
18, 1943 when 433 bombers and 65 Pathfinders, amounting 
to nearly 4,000 men, flew out from stations all over the East 
Midlands and East Anglia. Known as "Operation Hydra" it 
was only a partial success, although greatly helped by a large 
diversion over Berlin by 139 Mosquito Squadron which drew 
the German night fighters away from the area. 


The RAF lost 40 bombers and 290 of its highly trained air 
crew. Extensive damage was done to Peenemunde, and 
many people were killed, but nothing vital was destroyed 
that was beyond quick repair and none of the key personnel 
was eliminated. 

A decision was then taken to disperse the work and 
deeper Poland was chosen for tests. Development work was 
to be done atTraunsee in Austria and the main factory was to 
be at Nordhausen in the Harz mountains, where a work camp 
-a satellite of Buchenwald called Dora with 13,000 inmates- 
was built, and the order given for 12,000 rockets at a rate of 
900 a month. 

The rockets were now being fired north eastwards from 
Blizna near Cracow, and some got as far as Sarnaki on the 
River Bug, where the Polish underground managed to steal 
one intact and dismantle it. Some intrepid Special Opera¬ 
tions people flew a Dakota into the area from Brindisi and 
after several adventures brought out the parts in mid T944, 
which eventually reached Britain. Blizna soon fell to the 
advancing Russians and tests were therefore resumed at 
Peenemunde, where a M2 flew to near Malmo and was cap¬ 
tured and handed over to the Americans. Tests on the British 
one were carried out at Farnborough, but opinions remained 
rather complacent about its capabilities. 

The SS then took overthe rocket work, speeding things up 
to the point where there was an operational firing against 
Paris on September 6, 1944. London was attacked two days 
later on September 8. Two rockets were fired from The 
Hague at about 6.30 pm; one landed near Epping and did no 
damage, but the other came down in Stavely Road, Chiswick, 
behind the Hogarth roundabout, killing three people and 
wounding 17 others. No one quite knew what it was, or how 
to defend against it and initially it was reported as a burst gas 
main. Kammler, the new German Commander, attacked 
Antwerp and London again, where one landed on a Wool- 
worth's store killing 160 people and causing a lot of other 
damage. Kammler managed to get production up from 24 
rockets in September to 154 in November but the launching 
sites were finally overrun and the danger diminished. 

The Germans fired the last two rockets on London on 
March 21, 1945, one landing in Stepney and killing 130 
people andthe other landing harmlessly in Orpington. Chaos 
soon reigned in Germany and by April von Braun and500of 
his chief experts left for Bavaria where a number of them sur¬ 
rendered to the Americans in early May, the same time that 
the Russians captured the remains of Peenemunde. 

Von Braun and 127 engineers settled in America and soon 
began work on a multi-stage rocket for outer space. They 
started at Fort Bliss in Texas, but then moved to Alabama to 
build the Redstone rocket. Von Braun died in 1977. 

There are four V2's preserved in England; one at the Impe¬ 
rial War Museum; and one at the Science Museum on dis¬ 
play in the new Exploration of Space hall. The RAF Museum 
has ode (in store) and there is the fourth in the RAF Aeros¬ 
pace Museum at Cosford. The Americans took about 100 
V2's to the USA at the end of the War and fired off most of 
them, but one or two remain, notably in the Smithsonian 
Institution. 

Peenemunde and Walten are in ruins, and as the last 
launching sites were from mobile bases, nothing remains of 
them. The galleries probably still survive at the Nordhausen 
underground factory, but it is behind the Iron Curtain and not 
accessible. I have not been able to find out anything about 
Blizna. 

I appreciate that this letter is about past history, but I feel 
that the origins of space travel might interest younger read¬ 
ers. 


PAULTRITTON 
Chelmsford, England 


Bibliography 

1 "Hitler's last weapons', by Josef Garlinski 

2 "The Peenemunde Raid", by Martin Middlebrook 
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Wernher von Braun (continued) 

Sir, In answer to Mr. Devereux's reference ( Spaceflight, April 
1987, p.170> to the allegations made against Wernher von 
Braun, I assume that the reference was to the BBC TV presen¬ 
tation on Friday, February 20,1987 of The Paperclip Conspi¬ 
racy'. This programme, using documents recently declas¬ 
sified in the United States, recounted how Nazi rocketry and 
aviation scientists were taken across the Atlantic after being 
captured by the Americans in Bavaria in 1945 despite the 
available evidence that some of them had been involved in 
war crimes. 

I will outline what the programme had to say with regard 
to von Braun. 

In 1930 the German Army Weapons Office established a 
special unit to develop rockets under Captain (later General) 
Walter Dornberger. On August 1,1932 Dornberger recruited 
von Braun and posted him to his 'Ballistics Office' in Berlin 
where, together with Walter Riedel, a liquid-oxygen 
engineer, he was provided with an experimental range atthe 
Army proving ground Kummersdorf-West and given suffi¬ 
cient funds to experiment on rocket motors. In December 
1935 von Braun visited his native Pomerania and selected the 
secluded Peenemunde area. In April 1936 the whole of the 
island's Northern Peninsula was purchased. Rocket test- 
stands were built along the eastern shore, where the Army's 
development of the A3 rocket (and later the A4A/2) could pro¬ 
ceed without too great a concern for the provisions of sec¬ 
urity. 

With the outbreak of war in 1939, the A4 programme was 
intensified and proceeded despite many failures and other 
setbacks and an initial apathy towards the project by Hitler. In 
August 1943, Peenemunde received a devastating bombing 
raid from the RAF. By this time Hitler wanted to launch a 
revenge offensive against Britain and the V2 (vengeance 
weapon number two) received his full backing. Production of 
the V2 was centred at the Mittelbau (Central Works) at Nor- 
dhausen, in the Harz mountains. The weapon finally became 
fully operational in September 1944.and was used to bom¬ 



bard London, Antwerp and other targets. 

Essentially, what the 'Paperclip Conspiracy' claims is that 
von Braun was a Major in the SS; that many of his team were 
Nazis and SS Officers; that he agreed to Himmler's conscrip¬ 
tion of thousands of concentration camp inmates to dig the 
vast tunnels at Nordhausen which would accommodate the 
factory where the V2s would be assembled; and that at least 
20,000 inmates died there of starvation, fatigue, illness and 
murder. 

Von Braun admitted he knew what the conditions in Nor¬ 
dhausen were like. In an interview he said; "The working 
conditions there were absolutely horrible. I saw the Middle 
Works several times, once while these prisoners were blast¬ 
ing new tunnels, and it was really a hellish environment. I 
had never been in a mine before, but it was clearly worse 
than a mine." 

In the last days of the war the Germans destroyed most of 
Nordhausen's incriminating documents. The few which sur¬ 
vived prove the intimate relationship between von Braun 
and the SS. Minutes of a routine meeting in 1944 record the 
rocket team's demand that the SS should kidnap 1,800 
engineers from France to work at Nordhausen; von Braun, 
who was present at the meeting, agreed. 

So in short, despite ample evidence that Wernher von 
Braun was a Nazi, an SS officer and involved in war crimes he 
was nonetheless taken to the United States because of his 
technical expertise and helped develop the first American 
ICBMs and satellite launch vehicles, he was given American 
citizenship, his wartime record was (necessarily) swept 
under the carpet and he was proclaimed a national hero. But, 
while keeping these facts in mind, let us accept that he 
deserves to be remembered also for his genius and his major 
contributions to the Americarf space programme. 

EDWARD R. LYONS 
Manchester, England 

1 "The Paperclip Conspiracy", by Tom Bower 

2 ' The Mare's Nest", by David Irving 


Peenemunde Team Visits Marshall Space Flight Centre 

A renunion was held on March 23, 1987 the 75th birthday of the late Dr. Wernher vor^Braun, of members of the Peenemunde team of sci¬ 
entists and engineers who went to the US to work on rocket and space programmes after World War II. Of the group, only one member is still 
working at Marshall. 

The Director of the Center, J.R. Thompson, said that the team deserved much of the credit for launching America's first ballistic missile, 
the nation’sfirst satellite, putting men on the Moon and developing America's space transportation system. 

"We recognise our obligation to you and to the memory of Dr. von Braun. Where you led, we now follow", he said. 
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Oceanography From Space 


In December 1991. an Ariane4 is scheduled to lift off 
from Kourou, French Guiana, to place an oceanog¬ 
raphic satellite into orbit. The Topex/Poseidon mis¬ 
sion is a joint effort between NASA and CNES. the 
French space agency, and is designed to provide an 
understanding of the global circulation ofthe oceans. 
The satellite will accomplish this objective by deter¬ 
mining, through altimetry, the topography of the 
ocean surface - gentle hills of water-which reflects to 
a great extent the patterns of circulation. 

The Ocean Topography Experiment (Topex) was 
initiated as a development flight project in January 
1980 at JPL. In the same time frame, the French had 
been developing an ocean observational programme, 
Poseidon, based upon sensors to be placed on the 
Spot satellites. Discussions between NASA and CNES 
in 1983 led to the decision to conduct a study of the 
feasibility and desirability of a joint mission. At the 
completion ofthe study in May of 1984, the coopera¬ 
tive approach was recommended. 

The US Topex project was submitted in the FY 1987 
budget by the Administration and approved by Con-./ 
gress in November of 1986. French approval wasforth-’' 
coming in February 1987 and a memorandum of 
understanding between the two governments was 
approved in March. 

The scientific and economic potential ofthe mission 
can best be appreciated by reference to some of the 
major aspects of the ocean itself. In a 1981 report, 
"Satellite Altimetric Measurements ofthe Ocean", the 
Topex Science Working Group summarised the'sub¬ 
ject: 

“The large-scale movement of water in the ocean 
has many direct consequences for life on Earth f. Of 
these, perhaps the most important is its ameliora¬ 
tion of the world's climate. Without the ocean, 
large areas of the Earth on which we live would 


In this artist's conception, a generic representation of the satellite for the 
Topex/Poseidon oceanographic mission, a Joint endeavour between NASA 
and ESA, is shown in orbit.. NASA/E$A 



either be unbearably hot or unbearably cold com¬ 
pared to their present states, and life as we know it 
would be very different. Two processes are 
involved. First, the oceans carry roughly one-half 
the heat supply moving from the equator to the 
poles (the atmosphere carrying the remainder), 
thus greatly reducing the very large temperature • 
contrasts that would otherwise occur. Second, the 
large heat capacity of the sea greatly reduces the 
seasonal fluctuations in temperature, especially at 
higher latitudes, leading to the equable climate of 
our continent. 

"The ocean is important in a great variety of other 
ways. It has been fished for food since prehistoric 
times and today provides a large fraction of the 
world’s food supply. Yet only a few very limited 
regions of the ocean can sustain important 
fisheries (the Grand Banks, the coast of Peru, and 
the Gulf of Alaska, for example), primarily because 
of the special oceanic flows required for high pro¬ 
ductivity. These special environments are often 
fragile, waxing and waning in ways as yet unpre¬ 
dictable (the Peruvian and California anchovy 
fisheries are prime examples); and the conditions 
that lead to particularly good fishing at one time 
and place and not at another are usually deter¬ 
mined by oceanographic and meteorological con¬ 
ditions on a much broader scale.” 

The general circulation ofthe oceans is defined as 
the large-scale, time-averaged movement of water. 
Superimposed on this flow are a variety of time-depen- 
dent processes which can produce larger effects than 
the general circulation, makingthatcirculation difficult 
to characterise. Both categories are important. 

Water movements are powered and modified by 
many factors: winds; solar heating; evaporation; the 
gravity of Earth, Sun and Moon; land masses; and the 
rotation of the Earth. Water movements with spatial 
scales greater than approximately 30 km and time 
scales over about a day are not only relevant to the 
general circulation but also exhibit a property known 
as "geostrophic balance". The Greek word strophe 
denotes the act ofturning and "geostrophic" relatesto 
forces arising from the rotation (turning) ofthe Earth. 

The geostrophic mechanism balances the gravita¬ 
tional force that makes water run downhill (from hills 
of water comprising the ocean topography) with the 
Coriolis force due to the Earth's rotation. Fluid at the 
top of a water hill starts to flow down the slope but is 
deflected to one side by the Coriolis force. The result is 
that the water does flow downhill slowly, but most of 
its motion is along the side of the hill: geostrophic 
balance has occurred. En passant, the physical origin 
of the Coriolis force is easy to visualise. If an object 
were launched from the north pole of the Earth, the 
rotating Earth would turn under the object as the latter 
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sped southward. To an Earth-based observer the 
object would appear to be deflected somewhat 
towards the west. If one chooses to explain this deflec¬ 
tion by a force, in place of appealing to the rotational 
geometry, then, voila! We have the Coriolis force. Let 
the object in question be a parcel of water moving 
down the north or south slopes of a hill of water and 
the geostrophic dynamics result. 

Although geostrophic balance is important for 
shaping ocean topography, the elevation differences 
which participate in establishing this equilibrium are 
small. Typically, the topography of the ocean surface 
associated with the general circulation is on the order 
of tens of centimetres to metres. For example, the Gulf 
Stream might typically exhibit 130 cm elevation 
changes over a 100 km distance. The period of variabil¬ 
ity of that structure ranges from days to years. 

Oceanographers and other Earth scientists have 
found it convenient to reference topography with 
respect to a mathematically defined surface called the 
"geoid"; the geoid is, by definition, a gravitational 
equipotential (in every day life, the surface of a level 
table approximates a local portion of an equipotential 
surface quite well - a ball placed on it would not roll 
due to gravitation). The geoid itself varies by about 100 
m compared to a reference ellipsoid. 

The upshot of the above discussion is that very 
accurate measurements of the level of the ocean are 
required if one is to detect the metre or so of topog¬ 
raphic excursions ascribable to the general circulation 
and its variability. It is not difficult to see that the princi¬ 
pal quantities to be subjected to the most careful mea¬ 
surements are the altitude of the satellite above the 
geoid and the distance from the satellite to the surface 
of the ocean. With these quantities in hand, a simple 
calculation furnishes the level of the ocean's surface 
with respect to the geoid. Repeated measurements 
then allow separation of time-dependent phenomena, 
and the topography associated with the general circu- 1 
lation is obtained. The Topex/Poseidon orbit has been 
designed to repeat its ground-trace pattern every ten 
days, to within an accuracy of one kilometre. 

The radar-altimeter systems measure the round-trip 
light time from the satellite to the average sea surface 
in the footprint at the nadir point. This time is con¬ 
verted to distance by knowledge of the velocity of the 
altimeter's radar signal through the atmosphere. 

The NASA radar altimeter will employ two frequen¬ 
cies: a prime channel in Ku-band (at 13.6 GHz) and a 
secondary channel in C-band (at 5.3 GHz). By properly 


combining the measurements from these two chan¬ 
nels, the signal delay due to electrons in the ionos¬ 
phere can be derived, allowing a more accurate con¬ 
version of time to distance. Additional information 
about the medium through which the altimeter's sig¬ 
nal travels will be obtained in measurements of the 
subsatellite tropospheric water-vapour content by 
means of a passive microwave radiometer carried 
onboard. The NASA altimeter's precision is estimated 
to be two to three cm. 

Heritage for the NASA altimeter comes from the 
instrument carried on the 1978 Seasat oceanographic 
satellite. Further development has been carried out for 
the past fou r years at the Applied Physics Laboratory of 
Johns Hopkins University. 

The CNES Poseidon altimeter will utilise a singlefre- 
quency, centered at nearly the Ku-band frequency 
employed by the NASA instrument. Both altimeters 
use a common antenna. An operational time-sharing 
plan will allow the science goals to be met with the 
ionospherically corrected US altimeter while permit¬ 
ting the necessary operating time for the development 
activities of the CNES altimeter. The CNES altimeter is 
a new design employing solid-state technology. One 
ofthe goals is for this instrumentto be the forerunner 
of subsequent CNES altimeter designs that could be 
flown on other satellitesto provide long-term observa¬ 
tion of currents required for climate studies. 

The major error source in the measurement ofthe 
ocean topography comes not from the altimeter but 
from uncertainties in the satellite's height above the 
geoid. Consequently, careful attention must be paid to 
the orbit-determination process in order to achieve the 
desired total accuracy of 13 to 14 cm for sea-level mea¬ 
surements (as mentioned, the NASA altimeter's por¬ 
tion of the error budget is two to three cm).The major 
error source, in turn, for the orbit determination is 
uncertainty in the specification ofthe gravity field of 
Earth. Hence, a Gravity Field Improvement Program is 
underway and, by launch, could yield a factor-of-two 
improvement in knowledge ofthe gravity to be experi¬ 
enced in the Topex/Poseidon mission's orbital envi¬ 
ronment (an altitude of 1334 km and an inclination of 
63.1 degrees). 

Several systems will be used to collect tracking data 
in support of orbit determination: NASA'S TRANET 
and the French DORIS system will be prime, with laser 
tracking as a backup and as a complementary mode 
with high-precision capability. Signals from the US 
GPS (a constellation of navigation satellites) will be 


Schematic Topex configuration showing the location ofthe primary instru¬ 
ments. 



Ten-day coverage of Topex over the North Atlantic Ocean. 
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Sea Surface Topography: This map of the average sea surface topography-the marine geoid- was produced from 73 da.s o f Seasar A ’.imeter data The results 
clearly show the relationship between the ocean surface and the changes in gravity caused by the underlying ocear-ocr.c~- •cpog-ap'*, S-nce the ocean surface 
predominantly follows the Earth's geoid, this dramatic image is especially useful for charting poorly surveyed areas of tre a Swcr as the Southern Ocean sur¬ 
rounding Antarctica. This image, which has a spatial resolution of about 50 km (31 miles) was computer generated a f'C t-e r^a^ges are revealed as if the map 
were illuminated from the northwest. Seen here are the characteristic features of the ocean floor, the mid-ocean r ages t'e-c^es ^acture zones, and seamount 
chains. Clearly visible are the mid-Atlantic ridge(l) and associated fracture zones(2), the trenches along the west and -ot^west —arg.ns of the Pacific(3), the vol¬ 
canic Hawaiian Island arc(4) and the Emperor seamount chain(5). NASA 



Ocean Currents: Superimposed on the mean surface, or the marine geoid. there is a time-varying sea surface topography that is directly related to the variability 
of ocean currents. These time-varying currents can be calculated from data collected during repeated orbits of the satellite The mean or constant height along 
many repeated orbital paths is principally due to the (constant) going while the ocean surface variations due to changing currents are the deviations above and 
below this mean. Shown here is a global map of the variability of the sea surface topography about the mean for one month during September and October 1978. 
The largest deviations. 10 to 25 cm (4 to 10 inches), are associated with the strong western boundary currents (yellow and orange- These currents include: the 
Gulf Stream(6), the Kuroshio Current(7). the Agulhas Current(8), and the Brazil-Falkland Confluence(9). Large variations also occur in the West Wind Drift Current 
around Antarctica(10). An important revelation from Seasat's mission is the relatively small variability (light blue) over most of the oceans during this one month 
period of Altimeter measurements. NASA 


employed in an experiment for the mission to deter¬ 
mine if they could help reduce the total error budget. 
The Goddard Space Flight Center is responsible for 
determining the precision operational orbit based 
upon the tracking data. Support is given by the pro¬ 
ject's Precision Orbit Determination Task Group, 
headed by Dr. Byron Tapely of the University of Texas. 

Scientific data and engineering telemetry will be 
returned via NASA's Tracking and Data Relay Satellite 
System (TDRSS). All data will be returned to JPL, 
where operations are to be conducted, and the data 
relevant to the CNES experiment will be stripped out 
and shipped to Toulouse. Both countries will produce 
Geophysical Data Records based on these data. 

The satellite will be supplied by the US and negotia¬ 
tions are currently underway with the Fairchild Space 
Company for the purpose of yielding a contract to build 
the vehicle. This vehicle would be a Modular Multimis¬ 


sion Satellite (MMS), originally designed by NASA's 
Goddard Space Flight Center. Although the prime mis¬ 
sion extends for three years (with the first six months 
devoted to data validation), the satellite's two primary 
expendables - hydrazine for attitude control and the 
lifetime of the solar panels - will be sized so as to per¬ 
mit a five-year mission. 

Reflecting on the long programmatic trail from 
development flight project to the present, and the 
years ahead before results are obtained, Topex project 
manager Charles Yamaroneof JPL said: "Doing some¬ 
thing significant to help our situation here on Earth 
helps to keep us persevering." Prior to assuming his 
position on Topex, Yamarone was the Information Pro¬ 
cessing System manager for Seasat, with responsibil¬ 
ity for producing the Geophysical Data Records for that 
project. Michel Dorrer manages the CNES portion of 
the joint mission. 


260 


SPACEFUGHT, Vol. 29, June 1987 






SPACE NEWS 
and REPORTS 


AUGUST 1987 US$3.25 £1.25 


The International Magazine of Space and Astronautics 


188905 KOCMHHECKHE nOJIETbl N- T-8 

(cm-iic(().iaHT) 

no noinHCKe 1967 r. 


Mission 

. LATEST MPOM 


ENERGIA 

Soviet Super Rocket 


Space at 

JPL 


LeBourget 
Show Report 






T i 


Managing Editor: 

L. J. Carter 

Spaceflight Sales: 

Shirley A. Jones 

Advertising: 

C. A. Simpson 

Spaceflight Office: 

27/29 South Lambeth Road, 
London, SW81SZ, England. 
Tel: 01-735 3160. 

DISTRIBUTION DETAILS 

Spaceflight may be received world¬ 
wide by mail either through 
membership of the British 
Interplanetary Society or by non- 
member annual subscription. Details 
from the above address. Library 
subscription details available on 
request. 


Spaceflight is distributed in the UK and 
overseas through newsagents by' 
Profile Books Ltd., 1 Pontiac Works, 
Fernbank Road, Ascot, Berks SLS 8JH, 
England. Tel. 0344 884222. (If you have 
difficulty in obtaining Spaceflight 
please notify Profile Books in writing, 
stating the name and address of the 
newsagent). 


Opinions in signed articles are those of 
the contributors and do not necessarily 
reflect the views of the Editor or the 
Council of the British Interplanetary 
Society. 


Spueefligbt 

The International Magazine of Space and Astronautics 



Vol. 29 No. 8 


August 1987 


□ LE BOURGET1987 - SHOW HIGHLIGHTS 
LATEST SPACE TECHNOLOGY 

J. W. Powell and C.A. Simpson 


INTERNATIONAL SPACE REPORT 

Mars Observer, Ozone Gases, NASA 
Issues Challenge, Satellite Digest, Halley 
Nucleus, UK Space News, New Astronauts 


□ SOVIET SCENE 

Mir/Syrian Crew/Energia 

Mir Mission 

N. Kidger 

Energia - Soviet Super Rocket 

A. T. Lawton 


□ BOOK REVIEWS 

Challenger, The Space Station 
NASA Space Shuttle, TV Astronomer 
Communications Satellites 


Back issues of Spaceflight are supplied 
at £2.00 (US$4:00) each, inclusive of 
surface mail delivery. 


. Published by the British Interplanetary 
Society Ltd., 27/29 South Lambeth 
Road, London, SW8 1SZ, England. 
Printed by J.W.L. Ltd., Aylesbury, 
Buckinghamshire, England. 


Copyright © British Interplanetary 
Society 1987. ISSN 0038-6340. All 
rights reserved. No part of this 
magazine may be reproduced or 
transmitted in any form or by any 
means, electronic or mechanical, 
including photo-copying or recording 
by any information storage or retrieval 
system without written permission 
from the Publishers. 


CORRESPONDENCE 

All Woman Crew, The Historical 
Significance of Apollo, Mir with 
Four Modules, Man in Space 


SPACE AT JPL 

To the Moon on the Cheap 
Scanning Tunnelling Microscope 
Galileo Mission 

Dr. W.l. McLaughlin 


Front Cover: Afarewell wave by cosmonauts Yuri Romanenko and Alexander Laveikin prior to their launch on February 5,1987 from Baikonur 
in a Soyuz TM-2 spacecraft. Two days later they docked with the Mir space station and have since been actively engaged in its 
operations. A report of the Mir mission begins on p.282. 

Back Cover: Many designs for the Space Station have previously been proposed, and here we illustrate the ultimate intent- a site for scientific 
experiments and observations, a microgravity manufacturing centre, a place to assemble and repair spacecraft, and the jumping 
off pointfor journeys to the Moon and planets. TWA 

SPACEFUGHT, Vol. 29, August 1987 267 







An Ariane rocket model and the dome-shaped ESA pavilion at the 1987 Paris Air Show. 


Show Highlights Latest Space Technology 


Space technology featured promi¬ 
nently at the 1987 Paris Air Show - the 
world's biggest aerospace showcase- 
held at Le Bourget in June. Total atten¬ 
dance was estimated at 400,000, a 20 
per cent increase on 1985, and key ele¬ 
ments from the world's major space 
programmes of both the present and 
future were on display. 

Dominating the outdoor static show 
areas were a life-size model of an 
Ariane 1, next to the Arianespace 
stand, and thegiant white sphere of the 
European Space Agency pavilion 
which housed models of all the main 
European programmes. 

A second ESA pavilion, linked to the 
first, was devoted to the theme'Man in 
Space’ and displayed for the first-time 
a full-size model of the Hermes space- 
plane (see p.271) and one of the Col¬ 
umbus space laboratory components. 

The French President, Francois 


Pictures and Reports 
by Joel Powell 
and Clive Simpson 

Mitterand, emphasised the importance 
of the Ariane 5/Hermes programme 
during his speech attheopening of the 
Show on June 11. 

The Soviet pavilion was equally 
impressive, containing a full-scale 
mock-up of the Mir space station com¬ 
plex, including Kvant, a Progress sup¬ 
ply vehicle and Soyuz TM cosmonaut 
transporter. 

Actual-size models of the Vega 
probe (Venus and Halley's comet) and 
the Phobos spacecraft (pictured oppo¬ 
site) were also on display. The latter 
showed the new modular design that 
will be used for future Soviet unman¬ 
ned interplanetary missions. Two 


Phobos spacecraft will be launched 
towards Mars and its moons in July 
next year ( Spaceflight , Sept/Oct 1986 
p.348). 

China, present forthefirst time, dis¬ 
played scale mode Is of its series of roc¬ 
kets, (see p.272) f current and planned, 
that will compete in the commercial 
launcher market. 

Space hardware from the United 
States included models of the Titan 3 
commercial launcher (picture on 
p.279), and the X-30 aerospaceplane. 
NASA, in the US Pavilion, based its dis¬ 
play around a film show. 

UK companies also had a strong 
presence, with the British Aerospace/ 
Rolls Royce Hotol project (above right) 
featuring prominently. The British 
National Space Centre, still awaiting 
government approval of a national 
space plan, backed up the UK effort 
with its first-ever stand at the show. 
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Aircraft- 

Launched 

Spaceplane 


Model of a spaceplane concept on 
display at the Teledyne Brown 
Engineering stand. 

The vehicle, launched from a B-747 
carrier aircraft, would be capable of 
carrying several tons to low-Earth 
orbit and back at low cost. 

Its design is based on current 
technology and it would be com¬ 
pletely re-useable. 


New Boosters Will Increase Delta Capacity 


Hotol 

Engine 

Calculations 

Rolls Royce announced at the 
Paris Air Show that 18 months of 
work has confirmed the original 
estimates for the weight and per¬ 
formance of the company's 
revolutionary Hotol engine prop¬ 
osal. 

The preliminary design and 
proof-of-concept programme 
began in February 1986 and 
included the examination of a 
number of alternative propulsion 
concepts in addition to the engine 
for . British Aerospace's Hotol 
spaceplane. 

Rig testing of critical compo¬ 
nents of the Hotol engine, desig¬ 
nated the RB545, has been carried 
out in as realistic conditions as 
possible by a small team of 
specialists at Rolls-Royce's Ansty 
plant, near Coventry. 

Stewart Miller, Rolls Royce 
Director of Corporate Engineering, 
said: "The test programme has 
produced some exciting and posi¬ 
tive results. 

"We have made significant 
progress in the last 18 months 
towards confirming the original 
ideas for such a propulsion sys¬ 
tem, which seized everyone's 
imagination three years ago. 

"The rig testing and project 
design studies, which are being 
carried out at Rolls-Royce's Bristol 
plant, are proceeding to schedule, 
enabling us currently to define fol¬ 
low-on technology and associated 
programmes. 

"We have been in discussion 
with European industry and 
remain committed to the exten¬ 
sion of the programme into 
Europe." 


The US Air Force has authorised 
McDonnell Douglas to build 42 foot 
long "stretched" solid rocket boosters 
for the Delta II launch vehicle. 

The improvement will enable the 
rocket to lift more than 4,000 lb (1,800 
kg) into geosynchronous transfer orbit, 
according to details given at the Paris 
Air Show. 

Development of the new booster, 
called Graphite Epoxy Motors (GEMS), 
saves a step in the process of upgrad¬ 
ing the Delta. The company originally 
planned to develop a 36 foot long GEM 
first. 

"We presented data on stretched 
GEMs to the Air Force and they decided 
that going to the stretched version now 
was a low-risk, cost-effective way to 
increase the Delta ll's payload capac¬ 
ity", said John Porter, Director of Delta 
II programmes for the Company. 

McDonnell Douglas will build two 


versions of the Delta II. The first is 
model 6925 which use existing 36 foot 
long rocket motors with steel casings 
and will begin launching Air Force 
Navstar Global Positioning System 
(GPS) satellites in 1988. The second is 
the model 7925 which will use the new 
stretched GEMs and will begin launch¬ 
ing in mid-1990. 

The 6925 will lift 3,190 lb (1,447 kg) 
into geosynchronous transfer orbit, 
while the 7925 will be able to launch 
payloads weighing up to 4,010 lb 
(1,819 kg) into that orbit. 

Hercules Aerospace Company in 
Magna, Utah, won the subcontract to 
build the GEMs for the Delta II last 
December. The Company will begin 
buildingthefirst GEM latethissummer 
and will start testing it in November. 
The first motor will undergo static test 
firing in early 1988. 


Satellite-Based Transmission System 

The first live demonstration of PRODAT, a satellite-based telex and data trans¬ 
mission system for air travellers, was held at the Paris Air Show. 

Racal-Decca Advanced Development Ltd (RDAD) was awarded a contract by 
ESA for the development and production of five data-only terminals within its PRO¬ 
DAT programme. The UK is among seven ESA members to back the project. 

PRODAT is a development satellite communications relay system for data 
transmission between mobile users on land, at sea and in the air. it will allow air¬ 
crew data communications and passenger telex facilities via ground data networks 
throughout a flight, without resorting to often unrealiable HF radio links. 

Transportes Aereos Portugueses (TAP) will be the first airline to take part in 
trials with PRODAT dueto be installed on board one of its Tristar aircraft in Sep¬ 
tember this year. Other trials, including the UK Civil Aviation Authority's BAE 748 
aircraft, will follow. 

Ariane Set for Return to Action 

Launch of the next Ariane is expected at the end of this month, with August 29 
being named by Arianespace staff at the Paris Air Show as the target date. 

The Ariane V19 launch campaign started on June 2 marking the resumption of 
operations after a lengthy period of intensive work devoted to implementing cor¬ 
rective measures on the third-stage hydrogen/oxygen engine. Payload for the 
Ariane 3 launcher will be the Aussat K3 and ECS-4 satellites. 

Two further launches planned for this year are: October, TV Sat 1 (Ariane 2) and 
December, G Star III and Telecom 1C (Ariane 3). 

The first Ariane 4 launch is scheduled for January 1988 but Arianespace is leav¬ 
ing open an option to bring the flight forward, possibly to November of this year. 
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Full-scale 
Hermes Model 

Detailed inspection of the current 
Hermes manned spaceplane config¬ 
uration was possible on a full-scale 
mock-up in the ESA pavilion. 

The head-on view (above) bears 
similarities to the US Shuttle and the 
remote manipulator arm can be seen 
extending in the background. 

Large outer doors (above right) will 
open in orbit for thermal cooling. 
Hermes will not have an exposed 
payload bay and the internal skin of 
the fuselage will also act as a thermal 
radiator. 

The up-turned wing tip in the fore¬ 
ground of this picture can also be seen. 
These will serve as twin vertical 
stabilisers instead of a single fin on the 
fuselage. 

The airlock, which will allow crew 
and equipment transfer when docked 
to a space station, can be seen in the 
right-hand view. 
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Japan Plans Own Space Station 


Details of Japanese spaceplane 
studies were recently presented in 
London by Mr. Toshio Akimoto of the 
National Space Development Agency 
of Japan ( Spaceflight , June 1987, 
p.227). 

Manned space flight is regarded as 
a key area by Japan. There are plans for 
a Japanese Spacelab mission after US 
Shuttle flights resume and Japanese 
payload specialists were selected in 
the autumn of 1985. Japan is also one 
of the participating countries of the 
international Space Station to which it 
plans to contribute an autonomous 
manned module ( Spaceflight, 
November 1986, p.391). 

New plans for Japan's advance into 
space have now been revealed which 
aim to put a Japanese space station in 
orbit by 2010. The move is seen as 
essential if Japan is to continue its 
commitment to new technology and 
cooperate as an equal with other 
advanced nations. 

The space station project is closely 
linked to that of the Japanese shuttle 
and will provide a coordinated follow- 
on development beginning in the year 
2000 and operational activities that 
extend well into the 21st century. 

Space policy in Japan is formulated 



from time to time by Japan's Space 
Activities Commission for a 15-year 
time span. In 1978, Earth observation, 
meteorology and telecommunications 
were the Commission's main proposal 
areas and many of these develop¬ 
ments have now been realised 
( Spaceflight , Sept/Oct 1986, p.367). 


German 

Hermes 

Doubts 


West Germany, which has so far 
been an ardent supporter of Europe's 
Ariane, Columbus and Hermes space 
projects, may lower its budgetary 
commitment to these leading ESA 
projects when its government recon¬ 
venes this autumn. 

Concern has arisen over possible 
massive cost increases and their 
budgetary implications if a German 
level of contribution were to be main¬ 
tained at around 30 per cent over a 
time-scale of ten years. One proposed 
remedy is to extend the programmes 
further into the'future and the Hermes 
project, in particular, will be at the 
centre of the debate. 



Landsat 
Deal 
for China 

The Earth Observation Satellite 
Company (EOSAT) has finalised 
an agreement with the Chinese 
Academy of Science, Peoples 
Republic of China (PRC) to be the 
official representative for Landsat 
satellite data acquired by the 
Beijing Landsat station. EOSAT, 
the operator of the US Landsat 
remote sensing satellite system, 
will market the new data on behalf 
of the PRC to a worldwide cus¬ 
tomer base, which has expanded 
significantly since the decision by 
the US Congress to commercialise 
Landsat ( Spaceflight , Sept/Oct 
1986. p.358). 

At present, EOSAT markets 
image and digital data acquired by 
the Landsat satellites in both 
domestic and international mar¬ 
kets. The agreement with the PRC 
allows EOSAT to market data from 
China that will be available on a 
commercial basis for the first time. 
"We are extremely pleased to act 
as distributor for the People's 
Republic of China, and expect sig¬ 
nificant initial data sales from the 
new station," said Robert Tack, 
EOSAT Marketing Vice President. 
Early reviews of Thematic Mapper 
(TM) and Multispectral Scanner 
(MSS) products collected by the 
Beijing station indicate a very high 
quality processing capability. 
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Navstar Satellite Delivered 

Rockwell International Corporation's Satellite Systems Divisidn has delivered 
the first satellite of a system which will provide the world's most precise naviga¬ 
tional information to a variety of users. This is the US Global Positioning System 
(GPS), satellites for which are being produced by Rockwell International for the 
US Air Force. The GPS satellites are part of a multi-service programme designed 
to meet the navigation requirements of the US and its NATO allies in the 1990's 
and beyond. 

Rockwell will build a total of 28 production (operational) satellites at its Seal 
Beach (California) facility under a $1.2 billion multi-year contract awarded in 1983. 
The contract is the largest firm, fixed price satellite contract ever awarded by the 
US Department of Defense. 

The production satellites are capable of launch from either the Space Shuttle or 
the USAF Delta-ll medium launch vehicle. The Navstar system will be fully opera¬ 
tional in the early 1990's with 18 satellites transmitting navigation signals to users 
around the globe, at any time and in all weather conditions. The system's proven 
precision will enable users to calculate their position to within tens of metres, vel¬ 
ocity to within a fraction of a kilometre per hour and time to within one ten-mil¬ 
lionth of a second. 

Eleven GPS development satellites built by Rockwell have previously been 
launched to support operational test and evaluation of the Navstar system. More 
than 700 air, land and sea vehicle application tests were successfully completed, 
during which the Navstar system met or exceeded all specifications. Although 
designed for a four year mean mission duration, several of the satellites have 
exceeded seven years of on-orbit life. This autumn, 50 years of cumulative on-orbit 
operations will be achieved by these developmental satellites. 
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there a full-scale mock-up of the Mir/ 
Kvant/Soyuz TM complex but also a 
replica of the Phobos spacecraft to be 
launched towards Mars next year,. 


The Soyuz TM crew transfer vehicle is seen docked to one of the five ports attached to the Mir space station 
in this full-scale model which dominated the Soviet pavilion. The Kvant module (inset) is shown docked 
to the single aft port. A Progress re-supply vehicle (not shown in the picture) completed the complex. 


writes Joel Powell. 


On display was a Soviet EVA space 
suit, appropriately decked out in 
French regalia to represent Jean Loup 
Chretien's flight to Mir which will also 
take place in 1988. 

Another interesting item was the 
Vostok-based recovery module (pic¬ 
tured right) of the Cosmos materials 
processing programme. According to 
details presented, the payload (the 
three apparatus are visible inside) rep¬ 
resents Cosmos 1841 (April 24,1987) - 
the previous two missions were Cos¬ 
mos 1645 (1985) and 1744 (1986). 

The 400 kg payload of Cosmos 1841 
was stated to be: the Kachtan elec¬ 
trophoresis unit (interferon produc¬ 
tion); the Splav 2 crystal growth sci¬ 
ence investigation; and a crystal 
growth science investigation. 

During the Show the Soviets also 
announced the availability of the Mir 
space station for commerical proces¬ 
sing and in-orbit microgravity experi¬ 
ments. 

The basic price for a commercial 
payload (dimensions 1 m long by 60 
cm in diameter) is about £10,000, with 
weight subject to individual agree¬ 
ment. 

Visitors to the Soviet pavilion were 
able to climb aboard the Mir basic 
module and view the forward control 
stations, aft facilities and a cos¬ 
monaut's personal compartment. A 
window in the side of the Kvant mod¬ 
ule revealed the control station and 
the MKF-6M camera (se^picture on p. 
282) installed in the "floor". 
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New View of Comet Hallev Nucleus 

by Ian Ridpath 

This is the definitive view of the 
nucleus of Halley's comet. It is a com¬ 
posite of 60 pictures taken during the 
last five minutes before the Giotto 
space probe made its closest approach 
to the nucleus on March 13,1986. The 
composite was made by Harold 
Reitsema and Alan Delamere of Ball 
Aerospace, Boulder, Colorado. 

Resolution of the composite image 
ranges from 8000 m at the lower 
(southern) end of the nucleus to 100 m 
or better at the northern tip. Giotto's 
camera was programmed to centre 
each image on the brightest part of the 
nucleus, which happened to be the jets 
of dust shooting out from the northern 
end. During the last three minutes of 
the approach the nucleus was too large 
for the camera's field of view, so cover¬ 
age was restricted to a region of 
decreasing size centred on the bright 
northern jet. The last image was taken 

near the northern tip, indicate the exis¬ 
tence of slopes on the nucleus with 
heights of at least 400 m. South of the 
brightest jet region is a shallow crater¬ 
like depression, over 1 km in diameter. 

•The temperature of the surface of 
the nucleus is abou* 350 K. The surface 
is covered in a dark crust of porous 
dust, which reflects only two to four 
per cent of the sunlight hitting it. The 
thickness of the crust is still uncertain. 
Estimates range from 1 cm or less to 
more than 10m [2]. Probably the thick¬ 
ness of the crust varies over the nuc¬ 
leus, being thinnest in the most active 
regions beneath the crust, the nucleus 
is mostly water ice. Eighty per cent of 
the gas given off by the comet was 
water vapour, 15 tonnes per second. 
One surprise is that the nucleus seems 
to have a very low density, only a few 
tenths of a gram per cubic centimetre, 
so that it is more like a snowdrift than a 
snowball. The nucleus rotates around 
its shortest axis every 2.2 days. But this 
axis also wobbles, or precesses, every 
7.4 days [3]. 

One controversial theory, put for¬ 
ward by Sir Fred Hoyle and Chandra 
Wickramasinghe, is that the dust from 
comets contains living cells. This pos¬ 
sibility has now been ruled out by 
analysis of the dust of Halley's comet 
by a mass spectrometer aboard the 
Soviet Vega 1 probe [4], Evidence from 
isotope ratios of carbon, sulphur and 
nitrogen in Halley's comet confirms 
the view that comets formed from the 
same cloud erf gas and dust as the 
planets, and not in interstellar space. 
Halley's comet is indeed a fossil relic 
from the birth of the Solar System. 

RcfwtncM 

1 fleitsema, H J et al, in Proceedings of the 20th ESLAB Symposium 
on the Exploration of Halley's Comet.£SA SP-250.1987 

2 Reinhard, R . ESA Bulletin, February 1987, p 62 

3 Julian, W.H . Nature, vol 326, p 57,1987 

4 Kissel, J . and F R Krueger. Nature, vol 326, p 755,1987. 


127 seconds before closest encounter, Vega pictures to be about 1 km longer, 

at a distance of about 1,200 km, after Features identified on the nucleus are 

which the spacecraft's attitude was dis- shown in the sketch below. The Sun is 

turbed due to impacts by dust particles to the left and slightly behind the plane 

and the camera could no longer track of the page, So more than half the nuc- 

the comet. leus is in shadow. The active areas are 

Difficulties in superimposing the all on the sunward-facing side, 
images included removing distortions At the northern tip of the nucleus are 

caused by the line-scanning mode of several bright spots-from which strong 

Jhe spacecraft [1). Each image has a dif- dust jets emerge. In the middle of the 

ferent distortion due to the changing nucleus is a brighter surface region 

position of the comet relative to the associated with a broader jet. At the 

spacecraft. Another complication was southern end of the nucleus is a weak 

caused by dust impacts which slightly jet. The whole nucleus is seen against a 

altered Giotto's spin axis during the background of dust illuminated by sun- 

encounter. light. 

Seen in this projection, the nucleus A surface elevation dubbed the 

is potato-shaped, with dimensions of "mountain" rises into sunlight from 

14.9 km by 8.2 km, although the full the shadowed part of the nucleus. This 

length is estimated from the Soviet feature, and a notch-shaped valley 
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Logica Wins Eutelsat Contract 

Eutelsat, the European Telecom- sat I satellites, and will be used primar- 

munications Satellite Organisation, ily for television transmission, tele- 

has signed a £6.3 million contract with phony and business services. 

Logica to supply the Telemetry, Com- Facilities supplied by Logica will 
mand and Ranging (TCR) facilities for include a Satellite Control Centre 
in-orbit control of up to three Eutelsat (SCC), located in Paris, and two TCR 
II satellites. station baseband facilities, one near 

The initial system is scheduled for Sintra (Portugal), the other near Ram- 

delivery in April 1989 and the contract bouillet (France). A back-up SCC will 

includes options worth a further also be delivered. Logica will provide 
£700,000 for extensions so that a total equipment to allow data communica- 
of up to six satellites may be controlled tions between sites, and, as prime con- 
using the same system. tractor, will manage the project. 

TheTCR will provide Eutelsatwitha Construction of the Eutelsat II satel- 
cost-effective and highly responsive lites is being carried out by a European 
means of controlling satellites, the first industrial consortium led by Aeros- 
of which will be launched in late 1989, patiale as prime contractor with Alcatel 
which will gradually replace the Eutel- Espace a major partner. 

New Satellite Test Programme 

An extensive programme of new mechanism tests is underway at the Euro¬ 
pean Space Tribiology Laboratory (ESTL), Cheshire, UK, as part of the Inmarsat 
2 and Olympus communication satellite projects. 

ESTL will be responsible for the lubrication, assembly, testing and qualification 
of the mechanisms used to rotate the solar panels on Inmarsat 2. A new solar 
array drive mechanism design has been developed for Inmarsat using thin sec¬ 
tion angular contact ball bearings specifically designed to withstand launch vib¬ 
ration without the need for any protective off-loading mechanism. 

Space Capacity Expanded 

A new 'clean' room for handling high reliability electronic, electrical and elec¬ 
tromechanical satellite components has been installed at IGG Component 
Technology of Cosham, Portsmouth. * 

IGG is expanding its test facilities, installing equipment for burn-in, extended 
thermal shock, acceleration testing, and radiographic examination. The Com¬ 
pany is currently working on two Italian satellites, the 'Anthorack' Spacelab 
experiment to test and measure astronaut responses, Meteosat and the ERS 1 
Earth resources satellite. 

Westland's Space Project 

Westland Aerospace Division at Cowes, Isle of Wight, has contributed to a 
botany space laboratory as part of Europe's Eureka high technology initiative. 
Engineers have been managing a project to produce an Earth-based prototype 
one g centrifuge intended to demonstrate that an experiment to investigate plant 
growth under microgravity conditions will work aboard a satellite. 

In flight, two cylindrical sections of the satellite will contain samples of a plant 
chosen for its rapid propagation and life cycle characteristics. One section will be 
a rotating centrifuge providing 'g' conditions similar to those on Earth. The other 
will not rotate and will therefore provide microgravity conditions. The differing 
behaviours of plants growing in the two sections will be observed and recorded. 
The research may eventually lead to production in Space of pare virus-free seeds 
for use on Earth. The centrifugal section was recently delivered to prime contrac¬ 
tor, Dornier Systems of West Germany. 

The work represents a return of Westland to Space. Saunders-Roe, predecessor 
of Westland Aerospace, produced and launched the Black Knight high-altitude 
research rocket in 1958 and the Black Arrow launcher. 

Hermes Assessed at Cran field 

The College of Aeronautics, Cranfield, UK, has been asked by ESA to provide an 
independent technical consultancy service on a wide range of astronautical topics 
relating to the Hermes spaceplane. 

A team has been formed of 16 senior academics led by Professor Phil Roe and 
Dr. John Fielding. Aerodynamics, configuration, thermal engineering and avionics 
are among the subjects being assessed. 
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Ride Leaves 
NASA for 
Defence Job 

-Astronaut Sally Ride, the first US 
woman to fly In space, has resigned 
from NASA and is due to take up a new 
post with the Stanford University 
Center for International Security and 
Arms Control. 

Ride, who joined NASA in 1978, 
became the third woman in space after 
blasting off aboard Challenger on June 
18, 1983. The Soviets sent up women 
in 1963 and 1982. 


New astronaut candidates will 
report to the Johnson Space Center in 
Houston on August 17 to begin a year¬ 
long programme of training and evalu¬ 
ation. 

There were 1,962 applicants to 
NASA out of which 117 persons were 
interviewed and given medical exami¬ 
nations at Johnson before a final 
choice of 15 was made. 

Seven are pilot astronaut candi¬ 
dates and eight are mission specialist 
candidates. The group includes five 
civilians and 10 military officers with 
two of the mission specialist candi¬ 
dates being women. 



The candidates are: Dr. Mae C. 
Jemison, Army Major James S. Voss, 
Capt. Thomas D. Akers, Capt. Curtis L. 
Brown Jr., Major Kevin P. Chilton, 
Major Donald R. McMonagle, Lt. Ken¬ 
neth D. Bowersox, Lt. Cmdr. Kenneth 
S. Reightler Jr., Lt. Cmdr. Mario Runco 
Jr. Marine Capt. Andrew M. Allen, 
Coast Guard Lt. Cmdr. Bruce E. Mel- 
nick. Civilians are: Dr. Jan D. Dozier, C. 
Michael Foale, Gregory J. Harbaugh 
and William F. Readdy. 


The Council of the European Space 
Agency (ESA) hat decided to prolong 
the mandate of its Director General, 
Prof. Reimar Lust for two additional 
years (from September 1, 1988 to 
August 31, 1990). Prof Lust, (64) took 
up office in September 1984, on a four 
year appointment. 


Mr. Henrik Grage, from Denmark, is 
the new Chairman of the ESA Council 
for the next two years. Mr. Grage (46) 
has been involved in space matters for 
the last 17 years and was up to now 
Chairman of the ESA Industrial Policy 
Committee. He succeeds Mr. H. Atkin¬ 
son from the UK. 
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Experiment Will Chart Ozone Gases 


Satellite 
Search and 
Rescue 

Canadian Astronautics has been 
awarded a £600,000 contract to 
upgrade a satellite-aided search and 
rescue ground station for the UK 
Ministry of Defence (MoD). 

With the upgraded ground sta- 
tion.known as the Local UserTerminal 
or LUT, the MoD will be able to locate 
aircraft and boats by receiving their 
distress signals in the 121.5 Mhz and 
243 Mhz frequency bandsin additionto 
receiving in the exisiting 406 Mhz fre¬ 
quency band. The distress signals are 
relayed to the LUT by the Cospas-Sar- 
sat system of five low-altitude satel¬ 
lites. 

Installed at Lasham Airfield - a facil¬ 
ity of the Royal Aircraft Establishment 
- the LUT is able to pinpoint signals 
within two hours over the entire North 
Atlantic. The upgrade will be opera¬ 
tional a year from now. 

CAL has teamed with Space 
Technology Systems Limited of the UK 
to supply the LUT. Acting as the prime 
contractor. Space Technology Sys¬ 
tems is responsible for project man¬ 
agement, customer liaison and post¬ 
installation operation and mainten¬ 
ance of the upgraded LUT. 


Scientists and engineers at Lock¬ 
heed are designing and building an 
experiment that will chart a number of 
gases in the Earth's ozone layer while 
onboard a NASA satellite. 

The experiment, the Cryogenic 
Limb Array Etalon Spectrometer 
(CLAES), will continuously measure 
precise amounts of ozone, methane, 
carbon dioxide and water vapour and 
various compounds of nitrogen and 
chlorine that contribute to the forma¬ 
tion of the Earth's ozone layer. 

CLAES will be the largest of a series 
of experiments carried on NASA's 
planned Upper Atmosphere Research 
Satellite. Managed by Goddard Space 
Flight Center, the satellite is being 
developed in responsetoconcerns voi¬ 
ced in the early 1970s that human 
activities could cause changes in the 
upper atmosphere that may have seri¬ 
ous consequences for life on Earth. 

Concerns have been underscored in 
recent months with reports of alarming 
changes in the atmospheric ozone over 
Antarctica, where an 'ozone hole' has 
been observed ( Spaceflight, May 1987, 
pi 91). Ozone levels plunge by as much 
as 60 per cent each Antarctic spring. 

The Upper Atmosphere Research 
Satellite is designed to study 


phenomena of this kind over most of 
the Earth's surface for at least 18 
months. 

CLAES will measure the characteris¬ 
tic infrared radiation coming from each 
ozone layer gas. To accomplish this the 
experiment must be kept extremely 
cold to suppress the natural infrared 
radiation given off by the instrument 
surfaces which would otherwise wash 
out the sometimes very faint radiation 
from gases in the atmosphere. 

To provide the extremely low temp¬ 
eratures required for long periods, 
Lockheed engineers are designing and 
building a tank assembly to keep an 
advanced infrared sensor at a constant 
temperature between minus 440 and 
minus 350 degrees F. The super 
refrigerator, called a cryostat, will carry 
solid hydrogen, which freezes just 
above minus 440 degrees F, as a refri¬ 
gerant for long-term instrument cool¬ 
ing. 

Failure 
Traced to 
Lightning 

Adverse weather conditions, par¬ 
ticularly the presence of nearby lightn¬ 
ing strikes, caused the failure of the 
Atlas-Centaur launch on March 26 

( Spaceflight , May 1987, p.187). 

The findings of the Accident Investi¬ 
gation Board report that the launch 
was made in violation of the launch 
commit criteria associated with 
weather and state: "The most proba¬ 
ble cause of the mission failure was 
launching the AC-67 vehicle into 
atmospheric conditions conducive to 
triggered lightning and in violation of 
the established criteria used to avoid 
potential electrical hazards." 

Among its recommendations the 
board suggested that criteria should be 
revised to take into consideration addi¬ 
tional knowledge and measurement 
techniques of lightning phenomena 
that have been developed since pre¬ 
sent expendable launch vehicle (ELV) 
criteria were established. 


UK Thrust in Space Medicine 

A team of 25 scientists from Sheffield University are to collaborate with Soviet 
and American counterparts on the biomedical effects of space flight. The work will 
be centred at the University's Institute of Space Biomedicine which is due to be 
officially opened in October in the presence of leading Soviet and American scien¬ 
tists. Director of the Institute is Prof. Tim Scratcherd, who is also head of the Uni¬ 
versity's Department of Physiology. 

The work of the Institute will be in support of the recent agreement for UK- 
Soviet cooperation in space and a decision is awaited on the level of UK Govern¬ 
ment funding to be provided. The arrangement will provide British scientists with 
early opportunities for conducting medical experiments in space, possibly within 
the next two years. 

New Marconi Marketing Manager 

Marconi Space Systems has appointed Mr. Dennis Cummings as Company 
Marketing Manager. 

He was previously Marketing Manager for the Satellite Communications Divi¬ 
sion of Marconi Defence Systems at Stanmore and will now coordinate marketing 
activities to promote business interests in the space market worldwide. 

Mars Observer Launch Date 


The launch for the Mars Observer mission has been slipped two years by NASA from the originally planned launch date in 
August 1990, writes Dr. W.l. McLaughlin. See Spaceflight, July/August 1986, p. 316 for a description of the mission. 

With this move, long under discussion, the launch dates for all of the approved planetary missions have been decided, and 
the date of return of the Shuttle to operational status becomes the principal source of uncertainty. 


Project 

Launch Date 

Launch Vehicle 

Prime Data Return Begins 

Voyager 

(8/77) 

(Tital lll-E/Centaur) 

1989 (Neptune) 

Magellan 

4/89 

Shuttle/IUS 

1990 

Galil eo 

10/89 

Shuttl e/I US 

1995 

Ulysses 

10/90 

Shuttle/IUS 

1994 

Topex/Poseidon 

12/91 

Ariane4 

1992 

Mars Observer 

9/92 

Shuttle/TOS 

1993 

CRAF (FY89 new start sought) 

2/93 

Titan IV/CentaurG-prime 

1996 
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NASA Issues New Funding Challenge 


Enterprise was called back into service in June for validation tests of a proposed Shuttle 
emergency landing aid. The Orbiter, on loan from the Air and Space Museum, was slowly pul¬ 
led through an arresting net (left). NASA 


NASA reacted swiftly to the Soviet Union's 
successful launch of the Saturn V-class Energia 
heavy lift launcher on May 15. 

A statement released a few days later said: 
"This success is additional evidence of the deter¬ 
mined nature of the Soviet space programme. It 
is well-funded and makes steady progress, some 
of it spectacular. It is ambitious, especially with 
its plans in space science to explore Mars and 
Phobos. It is enlarging its space station and 
rapidly expanding its experience in manned 
space flight. 

"While the Soviet Union was building its 
capabilities, the budget for the US space prog¬ 
ramme contracted dramatically following the 
Apollo programme. Today, budget considera¬ 
tions have forced us to go to a phased space sta¬ 
tion development programme and to postpone 
the time we will put the first element into opera¬ 
tion. 

"Numerous authorities on the subject agree 
that if the United States space programme is to 
remain ahead of the Soviet Union's, funding 
must rise to a new plateau so NASA can simul- 
tanously build and operate the Space Station, 
maintain a vigorous space science programme, 
develop advanced technologies and begin work 
on some ambitious new projects, such as estab¬ 
lishing a permanent base on the Moon or begin¬ 
ning human exploration of Mars. 




Inspection activity and thermal protection work 
(below) conti^ties on Columbia in the Vehicle 
Assembly Building. The Orbiter is being prepared 
for installation >of advanced thermal protection 
blankets whick will replace the thermal tiles 
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SATELLITE 
DIGEST — 204 

Robert D. Christy 

Continued from the June 1987 issue 


A monthly listing of satellite and spacecraft launches, com¬ 
piled from open sources. The heading to each launch gives 
the name of the satellite, its international designation and 
its number in the NORAD catalogue. Launch times are given 
in Universal Time and are accurate to about five minutes 
except where marked with an asterisk, where the time is to 
the nearest minute as announced by the launching agency. 


PROGRESS 28,1987-23A, 17564. 
Launched: 1114*, 3 March 1987 from 
Tyuratam by A-2. 

Spacecraft data: Soyuz derived design, 
having a near-spherical supplies compart¬ 
ment carrying a rendezvous radar tower, a 
covered liquids tank section and cylindri¬ 
cal instrument unit containing batteries 
and a combined rocket motor/attitude 
control system. Length 7.5 m (including 
the docking unit), maximum diameter 2.2 
m and mass around 7000 kg. 

Mission: Unmanned cargo vessel flying in 
support of the Mir space laboratory. It 
docked with Mil's rear port at 1243 on 5 
March. On 26 March at 0507, it undpcked, 
and at 0259 on 28 March its retro-rocket 
was fired to cause its re-entry into the 
atmosphere. 

Orbit: Initially 185 x 254 km, 88.83 min, 
51.64 deg, then manoeuvred to 344 x 369 
km 91.61 min, 51.62 deg for docking with 
Mir. 


COSMOS 1825,1987-24A, 17566 
Launched: 1504, 3 March 1987 from 
Plesetsk, by A-2 or F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is probably 
about 4 m, maximum body diameter 1.5 m 
and mass around 1600 kg. Stabilisation 
may either be by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 633 x 664 km, 97.76 min, 82.54deg 


COSMOS 1826,1987-25A, 17577 
Launched: 1025, 11 March 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6m, maximum diameter2.4m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 354 x 416 km, 92.30 min, 72.88 deg. 


COSMOS 1827-1832, 1986-26A to F, 
17582-17587 

Launched: 1317, 13 March 1987 from 
Plesetsk, possibly by F-2. 


Spacecraft data: Not available. 

Mission: Single launch of six satellites, 
possibly to provide tactical, point to point 
communications for troops or units in the 
field. 

Orbit: 1385 x 1412 km, 113.81 min, 82.57 
deg (lowest), 1411 x 1416km, 114.14min, 
82.58 deg (highest) 


COSMOS 1833,1987-27A, 17589 
Launched: 0837, 18 March 1987 from 
Plesetsk, possibly by D-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar 
panels at right angles to the centre of the 
body, and Earth pointing sensor array at 
the larger end. The length is probably 
about 4 m, maximum body diameter 1.5 
m and mass around 1600 kg. Stabilisation 
may either'be by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 849 x 852 km, 101.98 min, 71.02 deg. 


RADUGA 20,1987-28A, 17611 
Launched: 0354, 19 March 1987 from 
Tyuratam by D-1-e. 

Spacecraft data: Probably similar to the 
Gorizont satellites, being a stepped cylin¬ 
der with a dish aerial array at one end. 
Electrical power is provided by a pair of 
rotatable sol ar panels at riglit angles to the 
body. Station keeping is by the use of gas 
jets, and three-axis stabilisation is 
achieved by momentum wheels. The 
length is about 5 m, the maximum diame¬ 
ter about 2 m, and the mass around 2000 
kg. 

Mission: Communications satellite pro¬ 
viding continuous telephone, telegraphic 
and television links within the USSR. 
Orbit: Geosynchronous above 85 deg 
east. 


PALAPA 5,1987-29A, 17706 
Launched: 2212,20 March 1987 from Cape 
Canaveral AFS by Delta 3920. 

Spacecraft data: Cylindrical, spin- 
stabilised vehicle, with length about 6.5m 
and diameter 2 m. The mass is about 700 

kg- 

Mission: Indonesian domestic communi¬ 
cations satellite 

Orbit: Geosynchronous above 113 deg 
west. 


KVANT, 1987-30A, 17845 

Launched: 00Q6, 31 March 1987 from 

Tyuratam by D-1. 


Spacecraft data: Cylindrical shape, with 
maximum diameter 4.15 m, and length 
approximately 13m (including the service 
module). The Section left attached to Mir 
measures 6 m in length and has a mass of 
10.6 tonnes. 

Mission: First add-on module for the Mir 
space laboratory, Kvant contains princi¬ 
pally the international 'Roentgen' high 
energy physics observatory. After a dock¬ 
ing failure on 5 April, Kvant attached itself 
to Mil's rear port at 0036 on 9 April. The 
Mir crew had to go outside on 11 April to 
clear an obstruction in the docking unit in 
order to complete the hermetic seal bet¬ 
ween Mir and Kvant. At 2218 on 12 April, 
■Kvanfs 10 tonne service module (now 
designated 1987-30C) undocked, leaving a 
newdocking port avail able for further vis¬ 
iting craft. 

Orbit: Initially 171 x 300 km, 89.16 min, 
51.63 deg, then manoeuvred to 344 x 363 
km 91.57 min, 51.63 deg for docking with 
Mir. 


COSMOS 1834,1987-31 A, 17847 
Launched: 0350, 8 April 1987 from 
Tyuratam by F-1. 

Spacecraft data: Cylindrical, probably 
about 7 m long and 2 m diameter, equip¬ 
ped with solar cel I panels and with a mass 
around 5000 kg. 

Mission: Electronic intelligence gathering 
over ocean areas. 

Orbit: 404x418km, 92.80 min, 65.04 deg, 
rnaintained by a low thrust motor during 
the operational lifetime. 


COSMOS 1835,1987-32A, 17849 
Launched: 1145, 9 April 1987 from 
Tyuratam by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heatshielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance 
over an extended period, it re-entered the 
atmosphere on 4 June after 56 days. 
Orbit: 172 x 344 km,89.68 min, 64.76 deg, 
manoeuvrabl e. 


COSMOS 1836,1987-33A, 17876 
Launched: 0620, 16 April 1987 from 
Tyuratam by A-2. 
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Commercial communications satellites will be launched aboard the Martin Marietta Titan 3 rocket starting 
in 1989. It will be capable of orbiting two satellites per flight to low-Earth orbit. The picture above, taken at 
the Paris Air Show, depicts the larger four metre diameter payload fairing, with the rocket behind. 

J.W. Powell 


Spacecraft data: Possibily based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance 
over an extended period. 

Orbit: 213 x 288 km, 89.53 min, 64.80 deg, 
manoeuvrable. 


PROGRESS 29, 1987-34A, 17878 
Launched: from Tyuratam by A-2. 
Spacecraft data: Soyuz derived design, 
having a near-spherical supplies compart¬ 
ment carrying a rendezvous radartower, a 
covered liquids tank section and cylindri¬ 
cal instrument unit containing batteries 
and a combined rocket motor/attitude 
control system. Length 7.5 m (including 
the docking unit), maximum diameter 2.2 
m and mass around 7000 kg. 

Mission: Unmanned cargo vessel flying in 
support of the Mir space laboratory. It 
docked with Kvant's rear port at 1705 on 
23 April. On 11 May at 0310, it undocked 
and at 0259 on 28 March and its retro-roc¬ 
ket was fired to cause its re-entry into the 
atmosphere. 

Orbit: Initially 188 x 238 km, 88.70 min, 
51.63 deg, then manoeuvred to 343 x 363 
km 91.57 min, 51.63 deg for docking with 
Mir. 


COSMOS 1837, 1987-35A, 17880 
Launched: 0910, 22 April 1987 from 
Plesetsk by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical re-entry module with a coni¬ 
cal instrument unit containing batteries, 
control equipment and a rocket motor sys¬ 
tem, and a 2 m diameter, 0.5 m deep, cylin¬ 
drical, supplementary instrument pac¬ 
kage may be carried at the forward end. 
The overall length is about 6 m, maximum 
diameter 2.4 m and the mass is between 6 
and 7 tonnes. 

Mission: Photo-reconnaissance, reco¬ 
vered after 6 days. All or part of the 
payload was an Earth resources package 
operating under the 'Priroda' programme. 
Orbit: 226 x 247 km, 89.30 min, 82.33 deg 


COSMOS 1838-1840, 1987-36A-C, 17902- 
17994 

Launched: 1240, 24 April 1987 from 
Tyuratam by D-1-e. 

Spacecraft data: not available. 

Mission: Intended cluster of three, 
GLONASS navigation satellites which 
were left in a useless orbit by a failure in 
the launching rocket's upper stage. 

Orbit: 191 x 17145 km, 306.22 min, 64.68 
deg (lowest), 191 x 17540 km, 312.19 min, 
64.83deg (highest). 
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COSMOS 1841, 1987-37 A, 17907 
Launched: 1700, 24 April 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical motor system. 
A 2 m diameter, 0.5 m deep, cylindrical, 
supplementary instrument package may 
be carried at the forward end. The overall 
length is about 6 m, maximum diameter 
2.4 m and the mass is between 6 and 7 ton¬ 
nes. 

Mission: Materials processing in micro- 
gravity, recovered after 14 days. 

Orbit: 218 x 381 km, 90.52 min, 62.89 deg. 


COSMOS 1842, 1987-38A, 17911 
Launched: 0001,27 April from Plesetsk, by 
A-2 or F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is probably 
about 4 m, maximum body diameter 1.5 m 
and mass around 1600 kg. Stabilisation 
may either be by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 634 x 666 km, 97.80 min, 82.51 deg. 
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Mir * Soviet/Syrian Crew • Energia 



On the right is' Syrian 


Above: The back-up crew of 
the July 22 Soviet-Syrian 
space flight. On the right of 
the group is Mission Com¬ 
mander A. Y. Solovyov and 


on the left is Flight Engineer 


V.P. Savinykh with Syrian 


Researcher-Cosmonaut 


Munir Khabib in the centre. In 


the background is the Mir 


space station while installed 


at its checkout facility. 


Left: The crew of the July 22 


Soviet-Syrian space flight. 


Researcher-Cosmonaut 


Mohammed Faris.The Soviet 


crew members are Mission 


Commander A.S. Victorenko 


and Flight Engineer A.P. 


Alexandrov in the centre. 




Left: An artist's impression of the Mir configuration by Lucien van den Abeelen, who recently wrote for 
Spaceflight (May 1987, p.184) on Mir Dockings and Operations 


World space activity continues to 
be dominated by the Soviet prog¬ 
ramme as only a glance at the 
launches listed on pages 278 and 279 
so clearly shows. Current interest in 
Soviet manned spaceflight has been 
heightened by the July 22 launch of a 
joint Soviet-Syrian crew to be the first 
visitors to join long-stay cosmonauts 
Yuri Romanenko and Alexander 
Laveikin at the Mir space station. 
Recent activities at Mir are reported in 
this issue by Neville Kidger beginning 
on p. 282. 

The new openness of the Soviets 
about their space programme, which 
has been widely welcomed, was in evi¬ 
dence at the Paris Air Show covered by 
our report beginning on p. 268. The 
long-awaited first launch of their 
Heavy Lift Launcher called Energia 
(Energy) on May 15 was subsequently 
well publicised. These trends augur 
well for international cooperation in 
space and an expanding interest by 
the Soviets in space commercialisa¬ 
tion. Our first report of the Energia 
launch ( Spaceflight , July 1987, p.5) is 
now updated by Neville Kidger who 


states that launch time on May 15 was 
1730 GMT (not 1750 as previously 
reported). 


He writes: The two-stage carrier rocket, 
with a launching mass of over 2,000 tonnes, 
is capable of placing over 100 tonnes into a 
low-Earth orbit. The first stage consists of 
four strap-on liquid-fuelled boosters each 
having one engine fuelled by an oxygen/ 
kerosene combination. 

The central block second stage, a large 
liquid-fuelled rocket with four engines pow¬ 
ered by a liquid oxygen/liquid hydrogen 
combination, is the first acknowledged use 
of such propellants by the Soviets. 

Both stages ignite at launch with a com¬ 
bined thrust of some 4,000 tonnes. The first 
stage is discarded at an as yet unspecified 
time and the second stage continues burn¬ 
ing to orbital height. The Soviets may have 
adopted the tactic used by the US for its 
Shuttle launches where the large External 
Tank, which Energia's second stageclosely 
resembles, is cast off just before the Shuttle 
fires its own engines to place the spacecraft 
into orbit. The ET burns up in the upper 
atmosphere and any debris falls into the 
Indian Ocean. The Energia second stage fell 
into the Pacific in a similar fashion after 
delivering a payload to aWlesignated point 


in space where its own engine, which failed, 
should have been ignited to Vlace it into 
orbit. 

US spy satellites in geostationary orbit 
saw the thermal signature of the satellite, (a 
side-mounted, pencil-shaped, blackobject) 
as it burned up in the atmosphere for "an 
unusually long period of time". It was an 
"intense", hot object which the US analysts 
regard as indicating the mock-up to be quite 
complex rather than simply a mass model 
of a satellite. 

The Soviets have also said that the uses 
of the booster are wide and will include 
placement of large mass satellites, mod¬ 
ules, orbital station or space shuttle into 
orbit. One specific use will be the creation of 
"operational assembly complexes ... a type 
of mooring for the assembly of ships, for 
their repair and refuelling." 

On p 285 Tony Lawton reviews the new technical features 
of Energia, which he describes as 'a completely new tool in 
the Soviet space workshop' 
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MIR MISSION Third Solar Array Installed 


by Neville Kidger 

Two EVAs, on June 12 and 16, have 
enabled cosmonauts Romanenko and 
Laveikin to instal a third solar array on 
Mir thereby increasing its power to 
well above the 10 kW provided by the 
station's original two arrays. The new 
array was carried up to Mir onboard 
the Kvant module launched on March 


During the spacewalk on June 12, 
which lasted 1h 53m, the cosmonauts 
attached the two panels of the array 
and associated structure to the Mir 
complex. On June 16 the panels were 
deployed by unfolding them along the 
new support structure and then con¬ 
nected electrically to the station's inter¬ 
nal system. 

The two EVAs of June 12 and 16 are 
the second and third to be carried out 
at Mir. The first, on April 12, which had 
not been pre-scheduled, arose from 
the initial failure of the Kvant module to 
dock firmly with Mir. 

Theactivitiesofthe Mir cosmonauts 
subsequent to Kvant's firm docking are 
covered in the following report. 


Kvant in Orbit 

At 0006 GMT (all times GMT) on 
March 31 a three-stage Proton carrier 
rocket lifted off from the Baikonur Cos¬ 
modrome bound for near-Earth orbit. 
From an initial low orbit the 
astrophysics module and its engine 
block were to be manoeuvred to a 
docking with the rear port of the Mir 
base station unit on April 5. The length 
of the autonomous flight was longer 
than for the smaller Soyuz TM and 
Progress crafts so that much less fuel 
would be consumed. 

The Kvant was equipped with the 
Igla (needle) rendezvous system to 
approach the station. The rear unit of 
Mir is equipped to accept either the Igla 
or the more advanced Kurs system 
which is used by the Soyuz TM man¬ 
ned spacecraft. The Kvant module was 
originally intended to dock with the 
Salyut7 station but was delayed and so 
slipped to Mir. 

During the period of the extended 
approach to Mir the two cosmonauts 
on the station, Yuri Romanenko and 
Aleksandr LaSeikin (call-sign Taimirs), 
who had been in space for almost two 


months, were engaged with proces¬ 
sing activities on the 136 kg Korund fur¬ 
nace and the PION-M multi-purpose 
physics module which weighs over 41 
kg. On the actual day of docking with 
Kvant the men were on a rest day and 
were in the SoyuzTM-2 spacecraft with 
the hatches closed. 

Docking Problems 

Kvant "saw" the Mir base unit at a 
distance of some 17 km. The station 
was to be passive in the docking with 
all the manoeuvres to be performed by 
the engine block of Kvant. By the time 
the module was some 500 metres from 
the station the Control Centre had 
extended the docking probe of the 
module and a TV camera on the mod¬ 
ule was activated showing the station's 
on-board display on the screens of the 
controllers. 

At a distance of 200 m, just minutes 
before the scheduled time of docking, 
Mission Director Valeri Ryumin 
radioed uptothetwo cosmonauts that 
he was receiving information that the 
lock-on of the rendezvous system had 
been lost and that the module had 
begun to drift. He asked Romanenko to 
go to the airlock and describe what he 
saw. 

The commander said that he could 
see the Kvant module passing by (the 
UK Kettering Space Observer Group 
tapes of the event show that the miss 
distance between Mir and Kvant was 
about 10 m, according to reports) and .. 
that it was rotating slightly and drifting 
away. Despite the apparent close colli¬ 
sion between the two vehicles the 
Soviets officially expressed no concern 
about it. 

Ryumin told Romanenko to "stay 
calm" and that the engineers were to 
study the telemetry and come up with a 
new solution. For the next days the two 
cosmonauts spent time on routine 
maintenance, medical tests and 
activating the Kvant module. 

On April 6 a press conference was 
called at the Control Centre by Glav- 
kosmos. Valeri Ryumin told the multi¬ 
national team of reporters that the con¬ 
trollers had been "especially cautious" 
about the parameters allowed for the 
docking manoeuvre. He admitted that 
the controllers might have overdone 
the caution but that the problem was 
understood and the docking would be 
attempted again. There was fuel for 
many attempts to dock, the ex-cos^ 
monautsaid. 

The correspondents were allowed 
to interview the cosmonauts via TV 
during two communications sessions. 
Romanenko said that he felt the opti¬ 
mal duration ofspaceflightswas three 
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Main working area and hatch leading to Kvant Cosmonaut's personal "cabin". Central control post and hatch leading to main docking 

module. unit. Pictures JW PowellandC.A Simpsor. 



Cut-away view of Mir showing: 1. Base block. 2. Docked spaceship. 3. Adaptor module 4. Manipulator pocket. 5. Side docking units. 6. Docking systems' antenna 
7. Working module. 8. Working module’s hatch. 9. Central control post 10. Handrails. 11. Detachable panels of the interior. 12. Solar Cells. 13. Bicycle ergometer. 
14. Working table. 15. Individual cabin. 16. Bathroom. 17. Wash-stand 18. Satellite-communications antenna, 19. Axial (lucking unit. 20. Track simulator. 21. Air¬ 
lock chamber. 22 Engine with a roof. 23. Target. 24. Engine accessories compartment. 25. Hatch lid. 26. Viewport. 27. Viewport blend. Novosti 


or four months but said that it was no 
secret that their flight was to be a long 
one (one French source has said that 
the crew will return to Earth in 
December 1987). 

Laveikin, who is making his first 
flight, admitted that it had taken him 


three to five days to adapt physically to 
weightlessness, with the psychologi¬ 
cal adaptation process taking about a 
month. 

It was later revealed that the control¬ 
lers had identified the problem with 
Kvant's approach system within 24 


hours and had found a solution. 
Another docking attempt was 
scheduled for the night of April 8. 

At 2000 that night the cosmonauts 
again transferred to Soyuz TM-2 and 
donned their spacesuits. 

This time the approach was smooth 
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and contact was made at 0036 April 9. 
However, as controllers tried to make 
the docking firm it became apparent 
that the docking probe had only penet¬ 
rated some 365 mm into the Mir unit. 
Mir and Kvant then moved out of the 
radio visibility zone of the Soviet Union 
and contact was lost (the geostationary 
satellite network that Mir has the capa¬ 
bility to use is not functioning because 
the only one of the three relay satellites 
launched to date for the system, Cos¬ 
mos 1700, has failed and drifted off sta¬ 
tion). 

On the next orbit the cosmonauts 
used an externally mounted TV camera 
to try and see what had prevented the 
hard docking. They were unable to see 
anything and it was quickly apparent 
that the only solution would be to go 
outside and manually examine the 
docking system. 

First Mir EVA 

Romanenko was involved inthefirst 
EVA of the Salyut programme when, in 
December 1977, he and Georgi 
Grechko had donned space suits and 
opened the front docking unit hatch to- 
examine the face of the unit to look for 
any possible damage which had been 
caused by the Soyuz 25 spacecraft 
when that ferry craft had failed to 
achieve a hard dock in October 1977. 
Now, the veteran cosmonaut was to 
participate in the first EVA of the Mir 
era for the same reason, to examine a 
docking unit. 

At 1941 on April 11 the hatch of one 
of Mir's four radial docking units was 
opened and the cosmonauts floated 
out. It was revealed by a TV commen¬ 
tator covering the EVAthat just before 
the opening the pressure of Laveikin's 
suit had dropped as he switched from 
one system to another. The cosmonaut 
found that he had not selected the cor¬ 
rect position for a switch on his suit. 
The commentator said that for about 
10 seconds "my hair stood on end". 
Viktor Savinykh, who was also com¬ 
menting, said thatthecrew had quickly 
understood the problem and rectified 
it. 

The live TV relay of the early part of 
the EVA contained no TV from space 
"because (the cosmonauts) do not 
have sufficient hands (to carry 
cameras)". Instead, FCC screens 
showed two support cosmonauts in 
the hydrotank at Star Town as they 
practiced the procedures for crawling 
along the length of Mir's 13 metre 
length to the edge of the aggregate 
section where the cosmonauts could 
lookdown atthedocking unit. 

In space, Laveikin radioed that he 
could see "some white object" in the 
docking unit and asked the controllers 
to command the probe to extend and 
pull the two space vehicles apart. FCC 
told him to remove the object if there 
was no risk of injury to himself. 


Laveikin used tools passed to him 
by Romanenko and managed to pull 
out the object which was a twisted 
piece of cloth (later speculation was 
that it had either been"dropped in the 
docking unit when the Progress 28 
cargo spacecraft had been loaded up 
or even that the cloth had been left on 
the Kvant before its launch). 

FCC commanded the Kvant's probe 
to retract drawing the two space vehi¬ 
cles together with an applied force of 
some 20 tonnes and the docking was 
made secure and hermetical. The mis¬ 
sion had been saved, to the relief of all 
involved. Romanenko and Laveikin 
returned to the airlock of Mir and 
closed the hatch after an EVA which 
had lasted three hours 40 minutes. 
Most of the EVA had taken place during 
the early hours of April 12 in the USSR, 
which the country has celebrated as 
Cosmonautics Day since the flight of 
Yuri Gagarin in 1961. 

The Soviets reported -that the 
assembly was now some 35 metres 
long and had a weight of 51 tonnes. At 
2018 on April 12 the engine block was 
commanded to undock from the rear of 
Kvant and flown into its own orbit. The 
undocking left Kvant's second docking 
unit exposed and the Soviets said that 
the unit could receive manned and 
unmanned spacecraft. 


Working on Kvant 

The two cosmonauts opened the 
hatch of Kvant the next day and - began 
to open up its systems for operation. 
Inside the 40 m 3 laboratory area of the 
module, the Soviets later revealed, 
were a group of components for an 
additional set of solar panels which the 
Soviets had originally scheduled to be 
installed outside Mir by the cos¬ 
monauts in two EVAs in mid April. 
However the docking problems with 
Kvant were now delaying the EVAs. 

The additional panels were needed 
to power Kvant's magnetically sus¬ 
pended gyroscopes. These will be 
needed to place the station in a 
"rough" pointing mode for the opera¬ 
tion of the battery of X-ray telescopes 
of the Roentgen astrophysics payload. 
The gyros mean that the station does 
not have to expend fuel to achieve the 
pointing. 

The Soviets revealed that the forth¬ 
coming EVA's would be performed 
with both the airlock compartment of 
Mir and the Orbital Module of the 
Soyuz TM-2 ferry spacecraft depre¬ 
ssurised. The airlock itself did not have 
enough space to house both cos¬ 
monauts and the new solar panel 
assemblies. The panels will use an 
erection device similar to that used by 
cosmonauts Kizim and Solovyov on 
their two 1986 Salyut 7 EVAs when 
they tested a "Beam-Builder" device in 
open space for the first time. 


The Soviets said that the EVAs were 
scheduled for the early part of May but 
by mid-May they had not occurred and 
the Soviets announced that they had 
been postponed until later. The pre¬ 
sence of the panel elements in Kvant 
made the interior rather cramped ini¬ 
tially. 

Working with Kvant, the first order 
of priorities was the installation of a- 
new control memory i n the complex's 
computers. The addition of Kvant had 
shifted the centre of gravity of the com¬ 
plex and this altered all the algorithms 
for manoeuvring the complex. The 
Soviets had set aside much of May for 
the cosmonauts to practice the attitude 
control of the complex. 

Another Progress Cargo Ship 

On April 14 the two cosmonauts 
participated in a live TV show which 
was being broadcast in France. The 
exchange was the first time ever that 
live exchanges from orbit had been 
seen between a western European 
nation and a Soviet manned space sta¬ 
tion. The cosmonauts were shown film 
clips, pop videos and other items and 
they described their work. 

The French cosmonaut Jean Loup 
Cretien is to make a second flight on a 
Soviet spaceship in 1988 and will make 
an EVA from Mir during a month-long 
mission on the station. 

At 1514 on April 21 the Soviets 
placed another Progress cargo ship, 
number 29, into space and it docked 
with Kvant's rear docking unit at 1705 
on April 23 to form the world's first 
four-spacecraft docking. The Soviets 
called the assembly a "train" in orbit 
and a Soviet TV commentator, show¬ 
ing pictures of the Soyuz TM-2/Mir/ 
Kvant assembly from the approaching 
cargo ships said that the dream of 
Konstantin Tsiolkovski of settlement in 
orbit was coming true before the eyes 
of the viewers. 

The cargo spacecraft delivered 
138.5 kg of assorted scientific equip¬ 
ment, including some for the flight of 
the Soviet/Syrian crew. Also aboard 
was 275 kg of replacable equipmentfor 
Mir, 250 kg of foodstuffs, newspapers, 
letters and other cargo as well as the 
usual loads of fuel, air and water. 

Refuelling of the complex was 
achieved, via piping contained in 
Kvant, prior to the May 1 holiday when 
the cosmonauts had a rest day and 
watched TV of the traditional parade in 
Red Square. 

During the early part of May the cos¬ 
monauts began their control tests on 
the complex and conducted Earth 
observations of the USSR. 

At 0310 on May 11 Progress 29 was 
jettisoned from the complex and com¬ 
manded to destructive re-entry at an 
unspecified time the same day. The 
men 'continued with their technical 
work. 
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Energia — Soviet Super Rocket 


by A.T. Lawton 

Since the early 1980's Western analysts have speculated that a new 
heavyweight launcher capable of delivering payloads to low-Earth 
orbit of 100-150 tonnes was in an advanced stage of development. This 
speculation was confirmed on May 15,1987 by the launch of such a veh¬ 
icle and release of press pictures and television newsreels of the launch 
some 24 hours later. Those who have closely followed the development 
programme have had their ideas confirmed but a very close examina¬ 
tion of the released data shows that the Soviets have possibly intro¬ 
duced some very advanced concepts to the new launch vehicle. This 
article outlines its salient features. 


Second Stage 
■ LOX/Hydrogen 
(4HP Plug 
Nozzle Motors) 


Fig. 1. Energia, the heavy 
work horse of the Soviet 
launch vehicle fleet. Nomi¬ 
nally credited with lifting 100 
tonnes to low-Earth orbit, 
some authorities believe tfrat 
with a larger number (eight) 
of improved boosters possi¬ 
bly as much as 300 tonnes 
could be lifted to LEO. 

A. T. Lawton 
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Retro Recovery 
»Solid Rocket 
Housing? 


, Propellant 
Vents 


First Stage 
LOX/Kerosene 
■ 4-6-8 Strap-on 
Recoverable 
Boosters SL-16 
Type 


Air Brakes 
> & Parachute 
Assembly? 


Plug Nozzles 
” All Stages 


Energia 

The new launch vehicle is officially named Ener¬ 
gia (Energy) and careful scrutiny of television close 
ups show that it is a completely new configuration 
employing several novel features (see Fig. 1). The 
whole impression is of a vehicle with immense lift¬ 
ing capability and with several features which will 
allow itto enjoy a long life and performance stretch 
capability which is at least as great - if not greater- 
than the much used Soyuz A4. A measure of the per¬ 
formance increase of Energia is shown by the fact 
that in its present demonstrated form it is capable of 
lifting 100 tonnes to low-Earth orbit LEO). This rep¬ 
resents about one third of the total present Soviet 
annual LEO payload. Put another way one Energia 
launch to LEO is equivalent to five Proton SL-13 or 
15 Soyuz A4 launches. It must not be assumed how¬ 
ever that such figures render the SL-4 and SL-13 
obsolete. They will still continue to be used in tasks 
where they may be efficiently deployed. 

Energia is thus a completely new tool jn the 
Soviet Space Workshop. Its need has been 
demonstrated for a long time, and it is clearly 
intended to replace the ill-fated Type G whose disas¬ 
trous career has been well documented in Spacef¬ 
light and elsewhere. 

Need for Energia 

It is clear that the Soviets learned many valuable 
lessons from the Type G failures and went right back 
to the drawing board to start again at the very begin¬ 
ning. 

The basic specifications seem to have included 
the following: 

1. Payload to LEO not less than 100 tonnes. 

2. Full use to be made of the (then) new cryogenic 
fuels available - liquid methane or liquid hydro¬ 
gen. 

3. Liquid fuels and the controllability thereof to be 
retained for all stages. 

4. All valuable items to be recoverable (within the 
design considerations of other parameters). 

5. Emphasis to be placed on crew safety-the vehi¬ 
cle was to be designed as man rated - and large 
numbers of peoplecould ultimately be carried as 
passengers in some planned payloads. 

6. Speedy launch and re-launch capability with a 
minimum of highly skilled, trained (and expen¬ 
sive) personnel. If killed in an accident such 
people are not easily and simply replaced. 

7. The whole vehicle to be as sturdy as possible. 
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Two of the Energia rocket's four strap-on liquid fuelled boosters can be clearly seen n this picture of the 
Heavy Lift Launcher at the Baikonur Cosmodrome. 


These parameters completely ruled 
out any refinement of the Proton and 
Type G techniques and principles. It is 
also possible that the Soviets made 
two or more important further deci¬ 
sions at this stage: 

• What are now known as Proton SL-12 
and SL-13 would be scaled down 
versions of the Type G with reduced 
first stage capability. This has been 
more fully persued by Bond and 
Parfitt [1], 

• None of the systems (payload 
excluded) associated with Proton 
and Type G would be man-rated. 


• The originally projected Salyut sta¬ 
tions would have to be scaled down 
to minimum essentials as a result of 
the lowered targets above. 

This latter speculation arises from 
the surprise personally expressed by 
Soviet space correspondents when the 
dimensions of Salyut 1 (launched April 
19, 1971) were first announced. They 
were expecting a much larger vehicle. 
However, no one will deny that the 
Salydt programme has accomplished 
much ifnotall of what was expected of 
it - and it has been successfully 
stretched as Salyut 6 and 7, and now 
Mir-and there appears to be room for 


still further design stretch, when even 
larger replacements are available. 

It therefore seems reasonable to 
suppose that the scaled down Salyut/ 
Mir programme has allowed the vari¬ 
ous Design Bureaux involved sufficient 
time to research and develop the 
necessary technology for a large, effi¬ 
cient, semi-recoverable launcher with¬ 
out compromising the essential 
acquisition of scientific knowledge and 
techniques required for 'Man in 
Space', and 'Man to the Planets' prog¬ 
rammes. 

If this is correct then we can expect a 
sudden burst of Soviet space activity 
on a much larger scale and at a rate 
which the West may find difficult to 
match. The US failed to exploit the 
potential offered by Saturn V, and 
recent estimates suggest a time lag of 
five to seven years before a vehicle 
comparable to Energia will be availa¬ 
ble in the West. 

Energia Examined 

Press details, pictures and televi¬ 
sion sequences enable many details 
surmised in Western circles between 
1983 and 1987 [2,3] to be verified. In 
addition, a Glavkosmos team (visiting 
the US for the purpose of advocating 
the Proton SL-12 as a commercial 
satellite launch vehicle) were able to 
furnish further technical details. 

Figure 1 establishes the proportions 
and approximate dimensions of Ener¬ 
gia. It is a '1 W stage system employing 
a launch ignited core, vehicle sur¬ 
rounded by four - six or eight liquid 
propellant boosters which are sub¬ 
sequently castoff and recovered down 
range. The core vehicle carries on 
burning and raises the combination to 
near orbital velocity. A small (by com¬ 
parison) motor on the payload raises 
the 'delta Vee' to the required orbital 
injection velocity. This failed in the 
actual Energia test of May 15 and the 
payload plunged to a fiery end in the 
Pacific. Despite this setback the Soviet 
authorities judged the whole exercise 
to have been a considerable success 
and to have proved the validity of sev¬ 
eral concepts deemed essential to 
future planned programmes. I suggest 
that the failure of the payload motor 
system may parallel similar failures ex 
perienced with Proton launches a few 
weeks earlier. 

Propellants used (according to 
press information) are as follows: 

• Boosters - Liquid Oxygen and 

Kerosine. 

• Core Stage - Liquid Oxygen and 

Liquid Hydrogen. 

These statements are borne out by 
the colours of the flames visible in the 
evening launch of May 15. 

In addition I would surmise that the 
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SOVIET SCENE 



f-irst launch of the Energia rocket lights up the sky over Baikonur at 1730 GMT on May 1b. 


payload motor probably used nitrogen 
tetroxide (N 2 0 4 ) and hydrazine 
(UDMH) a hypergolic (self-igniting) 
combination used by the Soviets over 
the last 30 years or more. 

All of the above would contribute to 
the high performance predicted for 
Energia but still better performance 
may be obtained from 'advanced 
motor design' using ultra high 
presssures for injection and combina¬ 
tion. 

Plug Nozzle Motors? 

If the sketches and drawings of Refs 
2 and 3areexamined,itisclearthatthe 
technical experts and artists cannot 
interpret the moderate resolution 
photographs obtained from satellites 
with sufficient accuracy - the nozzles 
appear to be too short and stubby for 
conventional bell mouth venturi 
design. 

I would suggestthatthe wholecon- 
figuration is better answered by 
assuming a plug nozzle assembly, with 
the "expansion nozzle" merely serving 
as a deflector shield to prevent flame 
interference effects damaging vital 
structures. Such deflector shields are 
simple, robust structures which are not 
heavily stressed in the same manner as 
is a bell mouth nozzle with pressurised 
coolant fuel circulating through it. For 
detailed comparison see Figures 2a 
and 2b. In the plug nozzle arrangement 
the coolant is pumped through the 
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core of the motor - a much simpler and 
more reliable system. * 

The plug nozzle motor is also much 
more robust - an asset which allows it 
to be operated at very much higher 
pressures than its more conventional 
counterpart. This in turn makes for a 
more efficient motor and pressures as 
high as 500-800 atmospheres may be 
involved. 

At present, it is difficult to assess the 
specific impulse (SI) of either the first 
or second stages, but a shrewd guess 
would estimate above 380 seconds for 

Fig. 2. A Bell Nozzle compared with a Plug Nozzle. 


the booster motors and above 485 sec¬ 
onds for the cryogenic core stage. 
These figures match or surpass those 
achieved by the US Shuttle, and if extra 
high pressure plug nozzle motors do 
feature in the Energia design then the 
Soviets are justified in claiming them 
as "advanced design propulsion 
units". 

Booster Recovery Systems 

The booster motors are also proba¬ 
bly recoverable. Close examination of 
press photos and TV newsreels shows 

A. T. Lawton 
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Energia — Launch 
and Recovery Stages 
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Fig. 3. The recoverable boosters on the Energia sys¬ 
tem. A possible sequence of events which permit 
recovery of the first stage boosters which land 
down-range of Tyuratam. All the system compo¬ 
nents, paddle brakes, parachute and retro rocket fir¬ 
ing have been tested on other launch vehicles and 
systems. A.T. Lawton 
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a peculiar folded paddle shaped object 
atthe base of each boost motor assem¬ 
bly. These objects bear a strong 
resemblance to the units (which are 
now known to be aerodynamic brakes) 
mounted on a standard Soyuz craft. 
Their function is to slow the spacecraft 
to a suitable speed for parachute 
deployment in an emergency abort 
situation. The concept has been 
thoroughly tested and tried, and used 
in anger when a fully crewed launcher 
exploded on its stand. 

The paddles mounted on the Ener- 
gia boost motors could be operated by 
a simple squib pyrotechnic device (Fig. 
3b) and once opened, the air brakes are 
held open by aerodynamic forces. 
These forces are symmetrical about 
the whole assembly but asymmetrical 
about themselves. The action is there¬ 
fore to pull the now dead boosters off 
the main body of Energia allowing the 
second stage and payload to proceed 
on to orbit (see Fig. 3b and 3c). 

The four (or six or eight) "dead" 
boosters not only slow down, they also 
rotate until the paddle brake is at the 
top (Fig. 3d). Atthis stage it is assumed 
that a parachute is deployed as in Fig 
3e and the booster plunges Earthward 
at a controlled rate. When it reaches a 
pre determined height small solid roc¬ 
kets are fired by a proximity fuse (Fig 3f 
and 3g). This checks the descending 
booster body which drops onto its 
nose and forward body part. This con¬ 
tains the liquid oxygen tank which may 


be considered expendable. The tank 
crumples, which absorbs any residual 
energy, and the body remains upright 
with the expensive items (motors, 
pumps, turbines, and fuel metering 
equipment) undamaged and merely 
needing inspection, testing and check¬ 
ing before being attached to new tanks 
and sent into space again (Fig. 3h). The 
whole assumed sequence of events is 
shown in Fig. 3 sequences a to h. 

The recovery of boosters as out¬ 
lined above has not yet been con¬ 
firmed, butthe investment in advanced 
motors, pumps and turbines would 
have been so large (extending over a 
minimum of 20 years) that such recov¬ 
ery measures would be justified. 

The fate of the second stage is not 
yet known but it would be possible to 
boost it into orbit as a separate entity 
from the payload, uncouple the motor 
complex - and bring the motors back in 
"Buran" the large Shuttle spacecraft. 

The tanks could then be used as 
orbital constructional materials - 
already formed and tooled for mul- 
titudinal purposes. We must await 
developments. 

First Trial Payload Failure 

The first Energia trial of May 15 was 
not wholly successful - the payload 
stage failed to ignite and achieve orbit. 
At present the cause has not been 
revealed but it may be closely allied to 
similar failures which occurred 
recently in Proton launches. 


The Energia-SLW Family 

The present Energia as first seen by 
Western eyes must be regarded as a 
prototype of a whole new family of 
launch vehicles. 

It is the vehicle intended for use with 
Buran and could well be easily adapted 
to evolve into a habitat similar to but 
larger than Mir which I have provision¬ 
ally titled "Novir Mir" (New World). 
The various developments of this fam¬ 
ily are provisionally shown in Fig. 4. 
Further lifting capability might arise 
from using liquid methane instead of 
kerosene in the recoverable booster 
vehicles. 

Conclusions 

In this review article it is considered 
that the Soviets have at last got the 
Fleavy Lift Launch Vehicle they aimed 
for 25 years ago. One of the major 
reasons for the delay was the need to 
be fully convinced that technical prob¬ 
lems raised by using liquid hydrogen 
could be successfully solved. They also 
appear to have gone one stage further 
in developing motors whose design 
will steadily accommodate further 
improvements. They now seem ready 
to take the next real steps into space 
and walk on the highway to the Moon 
and planets. 
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Fig. 4. The SLW Energia family. The SLW-1 was tested on May 15, 1987. The other^ are 
expected to be launched over the next five years. AT. Lawton 
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Orbits for Amateurs with a Microcomputer, Vol.ll 

D. Tattersfield, Stanley Thornes (Publishers) Ltd., Old Station 
Drive, Leckhamption, Cheltenham, Glos. GL53 ODN. 1987, 
£16.95,159pp. 

Although the author has extended the range of methods 
described in Vol.1, his new work is largely independent of 
this. 

Section 1 covers the standard cases of normal elliptical 
and parabolic orbits, including the more awkward cases of 
the elliptical orbit whose eccentricity is close to unity and the 
hyperbolic orbit. Section 2 applies the method of Gauss to an 
elliptcal orbit as a replacement of Laplace's method 
described in Volume 1. The method of Olbers, in which the 
_ orbit is assumed to be parabolic, is also included in this vol¬ 
ume. Section 3 gses the method of Oppolzer, in which the 
variations of the elements of the orbit due to perturbations 
by the major planets are continuously obtained. Also 
included are computations relating to the orbits of meteor 
streams and of artificial satellites circling the Earth. 

The programmes have been written in BASIC and should, 
therefore, by easily accomodated on most microcomputers. 
Programmes have been provided as complete entities so 
that repetitive entry of data is avoided. Nevertheless, the 
relevant values are printed as the programmes progress so 
that the reader can check the numerical results in stages.. 

The Appendices contain several programmes which may 
be useful, not only for the purpose of this book but also for 
other applications in general astronomy. 

Cometary Theory in 15th Century Europe 

Jane L Jervis, D. Reidel Publishing Company, 
Spuiboulevard, P O Box 989,3300 AZ Dordrecht, The Nether¬ 
lands. 1985, £27.95 (US $39.00), 209pp. 

There must be few celestial objects which have excitied 
such reverence or fear over the ages, as comets. The story of 
these objects, from objects of Divine Wrath to dirty snow¬ 
balls has a fascination hard to beat. This volume takes just 
one part of that story to provide examples of the different 
methological approaches of 15th century scholars to prob¬ 
lems arising from observations of the sky. 

It also focuses on Europe, for Chinese chronicles were not 
integrated into Western astronomy until much later, while 
Islamic astronomers were as blind to comets as European 
astronomers generally. 

The book begins with references to cometary theory in 
antiquity and thus provides the background necessary to 
understand developments in the 15th century, for practically 
no new advances in cometary theory had taken place during 
the whole period up to that date. 

The 15th century proper begins with Angelus, (the comet 
of 1402) who departs from Aristotle's treatment of comets as 
objects of a meteorological nature in favour of Seneca's, 
whose views had previously been dismissed but who saw 
them as celestial bodies which, owing to eccentric orbits, 
could only be seen in the lower part of that orbit. 

The treatise of the comet of 1456 (later identified as Hal¬ 
ley's comet) was written by Puerbach (1423-1461) and con¬ 
tains what seems to be the first attempt to determine the 
lower limit on the distance of the comet from the Earth. The 
results were useless but noteworthy that such an effort was 
made at all. 

In the event, it was not until late in the 16th century that 
Tycho Brahe proved that comets were further than the Moon 
and thus made the old distinctions between celestial and ter¬ 
restrial realms untenable. 


TV Astronomer: Thirty Years of the Sky at Night 

P. Moore, Harrap, 19-23 Ludgate Hill, London, EC4M 7PD. 
1987, £12.95, 208pp. 

A 1 book about Patrick Moore, undoutedly the best-known 
astronomer in the UK today and couched in the author's 
inimitable style, is certain to prove of great interest. 

It all began in April 1957 with what was intended to be a 
short TV series called "The Sky at Night" but which has con¬ 
tinued to make it now the longest-running programme in TV 
history. 

Over the past 30 years our view of the Universe has 
changed dramatically, with space exploration allowing men 
to set foot on the Mbon, providing close-up views of Mer¬ 
cury, Venus, Mars, Saturn, Jupiter and Uranus, introducing 
the successful Giotto probe to Halley's Comet and adding 
new dimensions to our understanding through satellites 
such as IRAS. 

All these have continued to reveal hitherto unsuspected 
celestial bodies and phenomena and paved the way to new 
theories of the origin and nature of the Universe. 

The "Sky at Night" programmes have followed all these 
developments closely, almost in "blow by blow" fashion. 
Here, the author relates not only the progress of astronomy 
itself but also his experiences in the TV studio, fascinating 
and often highly amusing accounts in their own right. 

The book is a milestone in the remarkable career of prolific 
author and populariser of every facet of astronomy and 
space. 

Tethers in Space 

Vol.62, Advances in the Astronautical Science, P M. Bainum, 
et al, Univert Inc., P O Box 28130, San Diego, California 
92128, USA. 1987, 765 pp, hard cover $80; soft cover $70. 

This volume contains papers presented at a conference, 
held in September 1986 at Arlington Virginia, on the applica¬ 
tion of tethers in space, one of the exciting new develop¬ 
ments in space technology. 

Session topics included are: (1) What can tethers do in 
space? - a tutorial, (2) Shuttle Flights: opening the era of 
tethers, (3) Tether dynamics: understanding behaviour and 
control, (4) Electrodynamics: new approaches to space 
power, (5) The space station era: tethers for science, technol¬ 
ogy and operations, (6) Technology development: the key to 
success. 

Atmospheres and Ionospheres of the Outer Planets and 
their Satellites , 

S.K. Atreya, Springer-Velag GmbH, Postfach 10 51 60, 
Haberstrasse 7, D-690Heidelburg 1, Germany. 1986, DM 148, 
224pp. 

This book presents a comprehensive treatment of the 
atmospheres and ionospheres of the outer planets and their 
satellites, a subject that has now attained sufficient maturity 
to warrent a monograph of its own. It also includes a theoret¬ 
ical discussion which emphasises the relevant physical and 
chemical processes and summarises significant observa¬ 
tions to date, with details of the methods used for retrieving 
information from measurements. Shortcomings of theoreti¬ 
cal models in providing correct interpretations of observa¬ 
tional results are discussed with the object of stimulating 
new research. 

As discussions of associated topics such as magnetos¬ 
pheres, interior and evolution are all limited only to those 
clearly essential to understanding the atmospheric and 
ionosphereic phenomena, a background is needed in 
physics, chemistry or mathematics - to undergraduate level 
- to get the dest out of the book. Some basic knowledge of 
meteorology would also prove useful. 

The book is intended mainly for researchers and graduate 
students of planetary atmospheres, all of whom will find it 
most useful for reference. 
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Directory of UK Space Capabilities 

The British National Space Centre. Obtainable from HMSO 
Publications Centre, P O Box 276, London, SW8 5DT. 1987, 
£9.95. 

The BNSC has complied this useful directory of the space- 
related expertise available from more than 200 manufactur¬ 
ers, agencies and universities in the United Kingdom. It lists 
government departments, councils and research establish¬ 
ments, companies, trade associations, universities, 
polytechnics, institutes and learned societies, as well as indi¬ 
vidual companies and consultants. In each case details are 
provided of status, capabilities, and facilities available. 

The book is divided into three main sections. Part I lists 
details of government departments, councils and similar 
establishments. Part II includes companies, consultants, 
trade associations and the like while Part III is devoted to uni¬ 
versities, polytechnics, institutes and learned societies. 

The BNSC provides a focus for Britain's space effort in sci¬ 
ence and technology. This, its first directory of UK space 
capabilities, provides a showcase of British companies and 
bodies experienced in a multitude of sectors related to space. 

Communications Satellites 

L. Blonstein, William Heinemann Ltd., 10 Upper Grosvenor 
Street, London, W1X 9PA. 1987, £9.95,162pp. 

This book is intended forthose who know little about com¬ 
munications satellites but wish to know more. It begins with 
simple technical analogies and then proceeds, step by step, 
to a point where the reader can calculate for himself some of 
the essential technical characteristics of a space-linked com¬ 
munications system. 

Every step is explained on the way, inc luding the basic 
mathematical processes required, the reasoning behind the 
techniques used to determine selection and the ways of 
quantifying those parameters which determine the quality of 
voice, data or video. The volume also includes information 
on the economics of space communications both for satellite 
systems currently in use and those due to come into service 
shortly. 


The Space Station 

Hans Mark, Duke University Press, 1 Gower Street, London, 
WC1E 6HA. 1987, £23.70, 264pp. 

President Reagan's approval of $8 billion for the construc¬ 
tion of a permanent manned orbiting space station was the 
climax of one of the most important political and technolog¬ 
ical debates in the history of the US space programme. This 
account, by an author who played a major part in the 
development of the Space Shuttle from its beginnings in the 
60's and who bore a primary responsibility for overseeing 
the space station project during the decisive years from 1981 
to 1984, presents an absorbing inside account of science pol¬ 
icy and politics during two US Presidencies. It not only cap¬ 
tures the euphoria that characterised the space programme 
in the late 70's and early 80's but provides a unique perspec¬ 
tive into the Challenger tragedy and the future pf the US in 
space. 

The author's appointment to the post of Deputy Adminis¬ 
trator of NASA climaxed a distinguished career devoted to 
the development and management of space technology dur¬ 
ing which the Space Shuttle became a reality and the space 
station an acknowledged goal of the US space effort. 

The author pays a superb tribute to the Society's founder, 
P. E. Cleator, and to his book "Rockets through Space" which 
appeared in 1936 and which he read at the age of 12, as well 
as to the Society itself, with the words: 

"Slowly it dawned on me that Cleator and his colleagues 
were onto something really important and that I wanted, 
somehow, to be a part of it." 
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Longman Illustrated Dictionary of Astronomy & Astronau¬ 
tics 

I. Ridpath, Longman Group UK Ltd., Longman House, Burnt 
Mill, Harlow, Essex, CM20 2JE. 1987, £4.50, 224pp. 

This pocket-sized work defines terms, words and phrases 
connected with celestial objects and with space technology, 
grouped under main topic headings rather than alphabeti¬ 
cally. It includes the basic astrophysics needed for an under¬ 
standing of the universe and its evolution, galactic types and 
different star groups, as well as ground-based instruments 
used to observe these phenomena and the rockets, space 
probes and satellites which have contributed so much new 
information in recent years. 

Additionally, there are a number of useful appendices eg 
on the planets and their moons, constellations, brief biog¬ 
raphies of important space figures etc. 

Challenger 

Ed M. McConnell, Simon & Schuster Ltd., West Garden 
Place, Kendal Street, London, W2 2AQ. 1987, 269pp, £12.95. 

The Challenger disaster on January 28, 1986 sent shock 
waves rippling throughtout NASA and the US administra¬ 
tion. The author here presents a piece of "investigative jour¬ 
nalism" which involved "sifting through thousands of pages 
of documents, following every lead and interviewing the 
essential participants" to provide an account of the events 
which led to the disaster. 

His results are characterised by some of his chapter head¬ 
ings e.g. Part I is entitled "Years of Intrigue and Ambition" 
followed by chapter headings such as "Rehearsal for Disas¬ 
ter", "Certification of Deceit" and "A Decade of Com¬ 
promise". The flyleaf goes further and claims that the book 
contains "the story you haven't read in the newspapers, the 
magazines or the Rogers Commission Report". 

However, this is a most arresting book on a very distres¬ 
sing topic and, insofar as it contributes to the perception of 
the truth, it is to be commended. First-hand accounts based 
on interviews are particularly interesting and provide a valu¬ 
able historical record. Even though much has, and probably 
will continue to be, written about the Shuttle disaster, the 
author, rightly, points the finger also at the pre-Shuttle era 
and to those responsible for its funding and who consistently 
pared down the project many times and thus, undoubtedly, 
contributed to the eventual turn of events. This is not to say, 
however, that they in any sense were guilty of "spending 
below the level of achievement"; as has so often happened 
elsewhere. The achievements of the Shuttle flights were 
great, even though, as is inevitable with such projects, an ele¬ 
ment of risk was always present. The question remaining 
was simply one of whether the element of risk was too great 
or should have been reduced or, indeed, did it stem from any 
man-made faults? 

What is clear, is that however tragic the loss, it has pro¬ 
vided a residue of good which can only expand and enhance 
future flights. 


NASA Space Shuttle 

H.R. Siepmann & D.J. Shayler, Ian Allen Ltd., Coombelands 
House, Coombelands Lane, Addlestone, Weybridge, Surrey, 
KT15 1H Y. 1987, £4.95,96pp. 

This book provides a wide view of the type of activities 
preformed in the first phase of Shuttle operations to date viz 
over the first five years of operation. Since each flight had 
many characteristics which were unique, the book is written 
around an imaginary orbiter flight considered to have taken 
place at some time during the fifth year of operation, though 
many of the incidents mentioned really did occur during 
actual missions, with the words of the crew taken from NASA 
voice tapes made at the time. 
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The Need for a Fifth Orbiter 

Sir, Eugene Reichl discussed a rather important matter 
t Spaceflight, May 1987, p.253, "Only Four Orbiters"). 
Although his numbers seem to be a bit on the high side, it is 
clear that four orbiters will not be able to fulfill the manned 
space flight requirements of the 1990s. In contrastto his esti¬ 
mate I'd like to present one which is rather on the low side. 

Prior to the 51L accident each Shuttle was scheduled to fly 
six missions per year in the late 1980s. If one looks at some 
turnaround intervals (e g. between Discovery's flights 51D 
and 51G (59 days) or 51G and 511 (64 days), or between Atlan¬ 
tis' two missions (only 50 days)) he might think that this 
could easily be achieved. However, he forgets that the 
engineers had to work under immense pressure and that 
flight safety became less and less important. Despite John 
Young's warning that the nine flights in 1985 brought NASA 
to the edge of its possibilities, 11 missions with three orbiters 
had been planned for 1990 (October 1986 Shuttle launch 
manifest). 

I think that when the four vehicle fleet has achieved full 
operational status early in the 1990s, the average turn¬ 
around interval at KSC will last some 75 to 90 days. So, in a 
best case scenario 16 missions per year might be achieved. 
This estimate, however, does not account for longer inspec¬ 
tions, repairs or modifications that have to be made to every 
vehicle at some time. 

Prior to the construction of the space station (i.e. until 
1993) about 10 to 13 launches from KSC will be required; 
then there will have to be two launches per year from Van- 
denberg Air Force Base. So with one orbiter being used fqr 
alternate launches from Kennedy and Vandenberg a fligh't 
rate of about 12 to 15 missions per year might be maintained. 
When the build-up rate of the space station begins in 1994 
the required annual flight rate at KSC will jump to at least 14 
to 16. By that time the Vandenberg flight rate will increase, 
too, due to DoD requirements and Polar Platform servicing. 
This means that a fifth orbiter will be necessary! 

Of course, it would be better to have even a sixth vehicle 
to reduce schedule pressures but a sixth Shuttle probably 
will not be approved by that time. Given the following pre¬ 
conditions, a five-vehicle fleet could fulfill the flight require¬ 
ments throughout the nineties: 

1. All commercial and some scientific spacecraft are 
launched by ELVs; the Shuttle will be used to launch only 
important scientific space probes that were specifically 
built for Shuttle launches (like Syncom). 

2. The military flight rate does not increase; this primarily 
means that SDI will not be deployed. 

3. Flights to service or repair satellites or the large space 
observatories will not be dedicated missions. 

4. The space station servicing interval will be at least two 
months (no more than six missions per year). 

5. The space station will not be extended until the late 1990s. 

6. The Shuttle programme will not see another accident in 
which an orbiter is being damaged or evpn lost. 

Construction of yet another vehicle in the late 90s due to 
increased space station activities could be delayed, as by 
then the European Hermes and the Japanese HOPE shuttle 
could be available. 

Recently, Len Vernamonti was quoted as having said that 
a test vehicle of the Trans Atjnospheric Vehicle could be 
available in 1993; this appears to be pretty soon. Assuming 
everything goes well, then the two vehicles might be opera¬ 
tional shortly after the turn of the century. However, it is also 
possible that severe problems will be encountered during 
construction, so the vehicles would not be operational until 
2010 or even 2015. A more exact date of the TAV's maiden 
flight can be given in a few years. I expect it to occur around 
2005. This means that some kind of transition programme 
will be required. There are three possibilities of how such a 
programme might look: 
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1. Introduction of additional orbiters as postulated by 
Eugene Reichl. 

2. Construction oftwo second-generation shuttles with less 
payload capability and a shorter turnaround tirpe (about 
10 flights per year, each) to be used primarily for space 
station servicing. These vehicles should be of new design 
so manned spaceflights are still possiblewhenoneof the 
two systems has been grounded, e.g. due to an accident. 

3. Use of ELVs to launch consumables, spare parts or parts 
of spacecraft to be constructed on orbit. These supply 
modules would then be berthed and ferried to the station 
by an Orbital Manoeuvring Vehicle, and later be returned 
to Earth aboard a Shuttle. The main problems, however, 
are that the ELV to be used has to be made more reliable, 
and that the cargo must be able to withstand higher 
dynamic stresses. 

Any of these possibilities is quite expensive, but there is 
no way to circumgo the higher flight rates of the next decade. 
Furthermore, the space station is expected to grow, so addi¬ 
tional money will be needed for building new modules and 
for maintaining the space infrastructure. This means that 
NASA’s budget will have to be raised. But for as long as even 
the construction of the core station has to be delayed, 
because the US Congress does not want to approve more 
money than originally estimated ($8 billion), this is very 
questionable. 

A timetable that provides for the increasing flight rate 
could look like this: 

1991: Fourth orbiter as Challenger replacement. 

1994: Fifth orbiter to cope with space station missions. 
1998: European and Japanese shuttles assist in space sta¬ 
tion servicing. 

2000: Transition programme mentioned above: Either two 
new orbiters or two second-generation shuttles (de¬ 
livery in 2000 and 2003). 

2010: TAV becomes operational. 

To meet that timetable it must be assumed that: the Shut¬ 
tle will only be used for missions that require it; the military 
flight rate will not increase; no major accident will occur. 

MICHAEL FICK 
Selb, West Germany 


Armstrong Moon Picture 

Sir, With reference tdthe on-going discussion regarding the 
lack of photographs of Neil Armstrong on the lunar surface I 
must disagree with Mr. C.G. Legge ( Spaceflight , June 1987, 
p.255) who states that the photograph shown in the January 
1970 issue of Spaceflight looks "real". 

This is a still from the cine camera set up to record the EVA 
from the LM's right hand window. It was set up to take only 
a few frames per second in order that the film lasted the 
entire EVA and hence when the film was shown everything 
was speeded up. The film was shown atthe Apollo 11 press 
conference on August 12, 1969 which was published 
together with the photographs and stills in the form of a col¬ 
our booklet in 1970 entitled 'The First Lunar Landing As Told 
by the Astronauts'. 

K.A. McNEILL 
Edinburgh, UK 

Sir, Since mid-1986 I have been carrying out research on 
Apollo 11 lunar surface EVA photography; in particular I 
have been seeking a possible 70 mm frame taken with a Has- 
selblad camera showing Neil Armstrong during the EVA. 

Armstrong has stated on a number of occasions that it is 
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his belief that a 70 mm frame taken by LMP (lunar module 
pilot) Aldrin during the EVA shows himself in the 
background. However, many other persons who have in 
some ways been connected with Apollo 11 photography feel 
that Armstrong is mistaken and that no 'still' photograph 
exists showing Armstrong on therMoon's surface. It is known 
however that other photographs of Armstrong on the lunar 
surface exist. These were taken by a television camera and a 
16 mm sequence camera located in the Lunar Module. 

According to t[ie Apollo 11 flight plan, which includes 
details of photographic tasks for the mission, LMP Aldrin was 
required to use the 70 mm Hasselblad camera once during 
the EVA. Aldrin's tasks were to photograph two panorama 
sequences, LM quadrants 1, 3 and 4 and LM + Z, +Y and -Z 
landing gear. The time allocated for these photographic 
tasks was ten minutes. At the end of his series of photo¬ 
graphic tasks the LMP was required to hand the camera to 
Armstrong. At no time, according to the flight plan, was the 
LMP required to photograph Armstrong, although 
Armstrong was required to photography the LMP on a 
number of occasions. 

Following a detailed analysis of Apollo 11 70 mm Has¬ 
selblad EVA photography and correspondence with Neil 
Armstrong, one 70 mm frame has been identified which 
might possibly show the Apollo 11 commander in the 
background. The frame number of this particular view is 
AS11-40-5886. It shows the US flag, the Solar Wind Collector 
experiment, an astronaut and a partial view of the LM. The 
astronaut is standing close to the LM (in shadow) working at 
the Modularized Equipment Stowage Assembly (MESA). 

AS11-40-5886 was taken at the time LMP Aldrin was due 
to use the Hasselblad and it could well represent one of 
Aldrin's first photographs with the Hasselblad camera. 
Armstrong at this time during the EVA should have been 
completing the bulk sample collection activity. His tasks 
would have included sample weighing, packing and sealing 
the Sample return container and connecting the sample 
return container to the lunar equipment conveyor for later 
transfer to the LM. These activities would have taken place at 
the MESA - and this is exactly where the astronaut in AS11 - 
40-5886 i s shown working. 

Neil Armstrong confirms that AS11-40-5886 does show 
himself on the lunar surface. Edwin Aldrin has also con¬ 
firmed that Armstrong was photographed on the lunar sur¬ 
face. However, it is unlikely that AS11-40-5886 or any other 
Apollo 11 70 mm Hasselblad EVA photograph will ever be 
positively identified as showing Neil Armstrong. It is clear 
that no 'good quality' EVAviewof Armstrong exists. The best 
EVA views of Armstrong are those obtained with the 16 mm 
sequence camera which show hisfirst steps on the lunar sur¬ 
face, contingency sample acquisition and other activities in 
the close vicinity of the LM. This same camera later automat¬ 
ically photographed both astronauts. 

If AS11-40-5886 does indeed show Armstrong then it is a 
very rare photograph indeed, for it represents the only 'still' 
photograph of Neil Armstrong conducting the first lunar sur¬ 
face EVA. 

KEITH T. WILSON 
Strathclyde 


Surviving Re-entry: A Reply 

Sir, This is in response to Neil Roger's question of what 
would happen to a piece’of paper or foil dropped from low 
Earth orbit ( Spaceflight , March 1987, p.93). 

The paper or foil would have the same amount of kinetic 
energy relative to its size as any spacecraft, so, unless the 
paper or foil were thermally protected, it would burn up dur¬ 
ing reentry. 

RANDY BOND 
Utah, USA 


Joseph Kerwin's NASA Service 

Sir, In the June 1987 issue of Spaceflight, p.234. it is stated 
that Dr. Joseph Kerwin has been a NASA astronaut since 
1965, implying that he has been an astronaut for the last 22 
years. However, he resigned as an astronaut in May 1982 but 
did not leave NASA. From 1982 to 1984 he worked as NASA 
Senior Scientific Adviser in Australia and though there were 
signs that he might return to flight status in 1984 he did not; 
instead, he served as Director of Space and Life Sciences at 
the Johnson Space Center. It is strange, though, that in the 
yearly NASA publication "Astronauts Fact Sheet" he was 
still mentioned as an active mission specialist. 

A year ago, I wrote him a letter in which I asked whether he 
was still an astronaut with flight status and found this not to 
be the case. 

TON VAN ROOIJ 
Eindhoven, The Netherlands 


Mir with Four Modules 

Sir, Having read the article on 'Mir in Action' and seen the 
beautiful drawing by Peter Smolders ( Spaceflight, April 
1987, p. 134), one might attempt to identify ways that the 
Soviet space station will be operated during the next few 
years. 

The long-term crews required for doing the science made 
possible when all the scientific modules have been added 
should amount to some 6 cosmonauts (including some four 
research cosmonauts from different scientific fields). This 
will requiretwoSoyuzTM spacecraft docked at the complex 
regardless of the Progress ferries. One of the Soyuz TM's 
could dock at a certain radial module. 

„ If we assume a 21 ton weight for each of the radially 
located modules we end up with the following all-up weight: 
4 x 21 +21 (Mir) + (Kvant) + 2x7 (Soyuz + Progress) = 131 
tons (for one Soyuz) or 138 tons (for two Soyuzes). This is 
more than the estimated total weight of the complex. It is 
possible that all the modules could have a jettisonable ser¬ 
vice pod leaving 12 ton modules with docking adapters at the 
outer ends. The all-up weight would then be 95 tons (for one 
Soyuz) or 102 tons (for two Soyuzes) with a Progress ferry. 

Adding mother solar panel on the Mir core station 
increases the total useful collecting area to 114 m 2 . If another 
two modules are to have similar solar panels then the total 
area for the complex would be 114 + 2x76 = 266 m 2 , exclud¬ 
ing the solar cells around the modules, thereby providing up 
to 25 kw of power for the complex. 

Orbital correction for the complex will require a consider¬ 
able amount of fuel. One way to do it would be to have a 
heavy Cosmos module dock to the Kvant to boost the com¬ 
plex to a 400 km circular orbit preventing fast orbital decay. 
The Soyuz TM series should havethe capability of manoeuv- 
ering in higher orbits when all the fuel-saving measures are 
taken into account together with the weight savings. 

Finally,these modules could be serviced usingtheShuttle 
that is being developed. The astrophysics module could be 
brought back to Earth after the initial program is 
accomplished for servicing and instrument modification, 
sometime in 1989. The spaceplane that is also expected to be 
operational by 1990 could transport several scientists for 
short-term visits to the Mir complex. 

With the launch of the SL-W Energia booster on May 15 
and TV coverage of the event, it looks like the Soviet space 
programme will give up its secrets in the foreseeable future 
and that live coverage of a Soviet Shuttle launch can be 
expected next year. 

M. Q. HASSAN 
Bagdad, Iraq 
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All Woman Crew 

Sir, Forgive me for writing in Russian. I am sure that it will be 
easier to have my letter translated than to decipher my 
English. I have be'en reading Spaceflight for some years and 
find much that interests me in it. So it is very disappointing to 
discover an inaccuracy. 

The article "All Woman Crew" in Spaceflight, January 
1987, p. 17 states that Valentina Tereshkova achieved space 
flight aboard Vostok-6 in February 1962. In fact the Vostok-6 
flight took place in June 1963. In February 1962, V.V. Teresh¬ 
kova was still in training for space flight. 

Spaceflight has much interesting material in it. I was 
delighted for example with the publication of the photograph 
of the group of Canadian astronauts in training. I think all 
readers would be interested if similar material about Italian, 
Indonesian and Japanese astronauts in training could be 
published. Information on the formation of other groups of 
categories of personnel connected with space flight and 
photographs of them would also be useful. 

VADIM E. MOLCHENOV 
Tula, USSR. 

Ed. Our thanks to Mr Molchenov for putting the record 
straight on the date of the Vostok-6 flight. We are 
always pleased to publish photographs of groups of 
astronauts and of people connected with space flight as 
they become available. 


The Lesson of the Paperclip Conspiracy 

Sir, The documentary film 'The Paperclip Conspiracy' 
[Spaceflight, June 1987, p. 257) throws new light on 
America's Apollo space triumphs in the late 1960's and early 
1970's. It shows that the United States, in its frenzied drive to 
maintain superiority over the Soviets in intercontinental bal¬ 
listic missiles and later space techhology, brought out of Ger- 
many at the war's end over 1,000 of the worlds best rocket 
scientists, many of whom they knew to be Nazis, SS officers, 
and some guilty of the most horrific war crimes. The 
documentary showed that over 20,000 innocent people were 
put to death through enforced starvation, torture and sum¬ 
mary executions at the Nazi's rocket factory at Nordhausen. 
The film showed that the rocket team were responsible for 
the conditions in the camp. 

The Soviets also took some V2 scientists, though far fewer 
and of poorer quality. However, there is one major differ¬ 
ence, the Soviets did not make them national heroes and 
they were ruthless intheirpunishmentofwarcriminalsatthe 
war's end. 

It is also interesting that many leading space and aviation 
historians, who dig behind the scenes in the Soviej space 
programme, have notexposedthe Nazis who were in the US 
space programme. 

For one very simple reason, the politics behind both space 
programmes stink, and that is the involvement of the military 
and the military potential of space. It seems to me that the 
only way to stop the recriminations on both sides and the 
only truly scientific and progressive way forward for both 
space programmes is to abandon Star Wars and for the 
United States and the Soviet Union to take up a joint manned 
mission to Mars. 

We must ensure that the next generation of scientists do 
not get roped into space programmes that become increas¬ 
ingly militarised as who knows what crimes these scientists 
may commit in the naive pursuit of their science in the event 
of some future war. 

A. M. HOLT 
Liverpool, UK 


The Historical Significance of Apollo 

Sir, In the course of arguing for the usefulness and necessity 
of space exploration, Edward Lyons recently felt justified in 
describing the Apollo programme as "a one-off, short-term, 
prestige-gathering exercise" and "a dead end" [1), while 
another contributor to your columns has written: "Apollo, 
while brilliant, is recognised in an historical view as an 
expensive path leading nowhere" [2]. Surely it is a scandal 
that comments such as these can be made and pass unchal¬ 
lenged in the pages of Britian's leading astronautics 
magazine! 

In 1969, it seems, people had a clearervision of thesignifi- 
cance of Apollo. I have before me as I write an article by Dr 
Rodney Johnson, who was Advanced Planner at NASA's 
Advanced Manned Missions Program Office in Washington 
DC at that time. Entitled "The Lunar Colony", Johnson's arti¬ 
cle offers a tantalising glimpse of the direction in which 
Apollo was then perceived to be leading the space prog¬ 
ramme. A two page diagram in his article shows an artist's 
impression of a broad tract of the lunar surface with a 
number of modules and buildings dispersed over it in dis¬ 
tance to represent their dispersal in time. One is labelled 
"Apollo Lunar Module (1969)". The next is: "growth module 
(1970)". Then come "expanded base (1971-73)", "way sta¬ 
tion and emergency shelter (1974)", and finally: "scientific 
station (1975) developed into lunar colony (1978)". The cap¬ 
tion, which summarises a more detailed argument in the 
main text of Johnson's article, reads in part: "Bases on the 
Moon would begin with the Lunar Module used in today's 
Apollo system ... By the mid to late 1970's a scientific station 
should have been established, and this will probably grow 
into the first large lunar colony. A modular 24 man colony is 
suggested above ...To establish such a colony would require 
10-12 Advanced Saturn V flights" [3j. 

How then, has it come about that these sanguine expecta¬ 
tions of Apollo's potential for future development have, 18 
years later, been replaced by the dismissive evaluation "a 
dead end" and "leading nowhere"? I believe it is because 
even now some people feel the need to justify in rational 
terms the decisions taken in the United States around the 
year 1970 which killed off Apollo and gave birth to the 
development of the Space Shuttle. Perhaps, given the 
economic and social climate of that time, these decisions 
were inevitable. But surely it is not necessary to pretend that 
they were a just verdict on the tremendous capabilities that 
the Apollo-Saturn system had given the United States? 

In his courageous and authoritative letter last year, James 
French reminded us that the magnificent Saturn was itself 
"potentially capable of a substantial upgrade" and "could 
have evolved toward partial reusability" [4). Clearly, Apollo- 
Saturn was in itself anything but a dead end. And indeed the 
verdict of the 1970's did not apply to that programme alone 
but to a number of promising space projects - notably the up- 
and-coming research into both solid-core and gas-core nuc¬ 
lear propulsion, which at that time seemed poised to send 
United States astronauts ranging far and wide through the 
Solar System. The dead end, if there was one, was therefore 
not specific to Apollo at all. It was a political or social dead 
end, or rather failure of vision, not a technological one. It was 
not even an economic dead end, as the champions of reusa¬ 
ble launch vehicles might wish to assert, for the billons of 
dollars invested in Apollo were always tiny compared with 
the sums spent, then as now, on social welfare and on the 
arms race. (Let us hope that, when their turn comes, the 
Soviet leaders will show more steadfastness of purpose!). 

I should therefore like to propose a more generous view of 
the historical significance of Apollo. I believe that Apollo- 
Saturn was no dead end, but was rather a gateway to the uni-" 
verse of such awesome proportions that the American 
people collectively balked at crossing the threshold. This 
applies to the specific hardware employed as much as to the 
mission. It applies particularly to the vision: a "focus upon 
doing missions", as James French describes it in his letter, as 
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opposed to an effort "towards new development", for this 
single-minded focus on the mission objective of a Moon 
landing was, I believe, among the factors responsible for 
Apollo's amazing success. 

Edward Lyons in his letter states that Apollo is "not a good 
example to cite when debating the pros and cons of space 
fjight". Surely this statement is the very heightof absurdity! 
Apollo-Saturn is the only space project to date which has 
physically landed men on the shores of a new world: it is 
therefore arguably the only example to cite! - and, at the 
least, certainly the pre-eminent one. 

* * * 

For, after all, what is it really all about? What is to be the 
philosophy of space-age man? Is he doing missions in order 
to fulfil a domestic political or social purpose or develop 
some new technology? Is he only supposed to embark on 
missions which are a "logical step" forward? Or is he to be 
allowed a visionary philosophy? - one in which the missions 
are imbued with a sense of mission, however, "illogical" or 
lacking in practical applications they may seem. In the visio¬ 
nary sense, Apollo and the constellation of lunar, planetary 
and technology programmes that preceded and com¬ 
plemented it are the very quintessence of space exploration. 
Communications satellites and space-based manufacturing, 
when they are oriented towards terrestrial purposes, are not, 
precisely because their purpose is terrestrial. The visionary 
philosophy is that which proclaims extra-terrestrial goals; 
such a goal was, of course, the first flight to the Moon. 

Yet why should the mission come first in this way? Where 
is its justification, if not to serve human ends? In answering 
this question, we find a clear echo of the underlying 
philosophical foundations in a letter printed adjacent to 
Edward Lyons's in the very same issue of Spaceflight. 

In this letter, Peter Mills gives an account of the contents 
of a book entitled The Solar System, by Thomas Dick LLD and 
published in 1846 by The Religious Tract Society of London. 
What I find remarkable about this book is the belief that all 
the bodiesof the Solar System,from mighty Jupiterdownto 
and including even the comets, must surely be the abodes 
not just of life, but of self-conscious, intellectually developed 
forms of life capable of understanding their environment 
and, no doubt, of glorifing their Creator. The quotations 
which Peter Mills includes in his account convey to me a ter¬ 
rific sense of the waste of a unique opportunity that would 
inevitably occur if even oneof these worlds were left barren. 
Given the author's and publisher's belief in a benevolent and 
efficient Creator-god, a barren world was therefore deemed 
to be highly improbable. 

But in fact the opposite appears to be the case: 
everywhere we of the space age look, the worlds turn out to 
be barren. So were Thomas Dickand the ReligiousTract Soc¬ 
iety of London merely displaying a quaint, naive nineteenth- 
century prejudice, or could there be more to it than that? 

It seems to me that human beings are capable of 
experiencing a distinct sense of waste or of irrecoverable 
loss with a particular feeling of poignancy. In particular, a 
barren planet can be seen as a wasted opportunity. For 
example, science-fiction writers have populated Mars with a 
great number of hypothetical civilisations, yet once our 
space probes began to reach the planet we found that 
nothing resembling those empires had ever existed. Mars is 
therefore a place where consciousness could conceivably 
have arisen but in fact did not. To sum the case up: there 
have been (say) a billion sunrises and sunsets on Mars, yet 
none of these was ever witnessed by a conscious intelli¬ 
gence: our response to this, speaking ourselves as conscious 
intelligences, has to be: "What a waste"! 

I n general, space-age man does not seriously believe i n a 
benevolent Creator-god. Yet let us suppose that, despite his 
lack of religion, he shares with Thomas Dickthe sense that it 
is fitting that all worlds should be arenas for the development 
of consciousness, intellect and culture. Then let him see with 
our modern eyes the lifeless, rubble-strewn plains of Venus, 
the Moon and Mars: will he not experience a poignant sense 
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of waste? - a sense of outrage, if you will, at the thought that 
so vast a proportion of the universe has been leftfor innum¬ 
erable ages barren, lonely, unknowing and unknown, while 
so minute a proportion has been set asideforthe enjoyment 
of sensitive and intellectual beings. Then well might he say, 
with Pascal, "The eternal silence of these infinite spaces fills 
me with dread" [5]. But he would also want to do something 
about it,for he would experience the desire, in common with 
all living beings, to extend his territory and multiply his kind: 
in short, the desire to end the intolerable loneliness of these 
deserted worlds by lionising them. 

★ ★ < * 

Of course, one cannot state meaningfully what the pur¬ 
pose of the Apollo project was, beyond the bare fact of land; 
ing on the Moon, because to different observers at different 
times the programme meant such different things. At the 
outset, to most people, the ultimate purpose was simply to 
beat the Russians and restore United States prestige; later 
on the scientific angle came to the fore, and Apollo became 
a means of studying lunar geology. To some, it was a great 
adventure undertaken for its own sake; to others, it was an 
irrational, extravagant gesture from a corrupt economic sys¬ 
tem; to yet others, no doubt, its ultimate purpose was to rein¬ 
force and expand the R & D empire that was technocracy in 
the United States. 

Yet if one day soon men return to the Moon, this time to 
stay, these short-term, contingent goals will tend to pale into 
insignificance beside the abiding fact that Apollo was first to 
prove that flight to the Moon is possible and that, once there, 
one can live on the Moon. If mankind is to spread beyond his 
planetary cradle then the significance of Apollo - even long 
after it has been forgotten - will be that it was the first step 
onto the extraterrestrial foothold, no matter how brief and 
precarious a foothold. It was, in other words, a crucial step in 
the proliferation of conscious, rational thought from one 
world to many. Therefore, it was also a step in the direction 
of realising a certain vision of the universe: mankind starting 
on thetaskof populating the worlds which the Creator ought 
to have peopled with intellectual and cultured beings, but 
wftich He unaccountably failed to do. And this existential 
imperative, implicit in the activities of living beings and 
societies, seems to me to be fundamental to life itself. 

We live: therefore as individuals we must either grow or 
decline; there is no standing still. This law applies also to the 
species as a whole: either to grow, or to decine. To grow 
means to expand - geographically, technologically, and cul¬ 
turally. In our present historical context, this means inevitaby 
to follow Tsiolkovsky's dictum and spread our kind beyond 
its planetary cradle. Man cannot live in the cradle forever - 
and if he refuses to grow out of it, he must therefore decline 
and fall, eventually to die out. The significance of any space 
programme when seen in this, the longest perspective of 
which humans are capable, must therefore be: how much it 
contributes to this process - how much human seed it has 
sown, and how far afield . 

Apollo-Saturn remains the towering pinnacle of space 
exploration to date. An "expensive path leading nowhere"? 
A "dead end"? No; we should rather remember it as a bar- 
gain-price path leading to new worlds, and ultimately to the 

STEPHEN ASHWORTH 
Oxford, UK 
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Spaceflight 

Sir, Spaceflight is visually very pleasing now, and I would not 
want to miss a single issue. The June issue, in complemen¬ 
tary oranges and blues, is particularly striking. The space- 
plane looks like it should race right up off the page! 

I was pleased to see on p. 227 of the June issue that Mr 
Tony Lawton had also surmised that the first flight of the 
Soviet shuttle would be "automatic". In a letter I had pub¬ 
lished in the September/October 1986 issue I surmised the 
same thing, at least for the ascent phase of the first shuttle 
flight. 

Keep up the excellent work. 

DAVID S. F. PORTREE 
Illinois, USA. 

Man in Space 

Sir, I found the article on 'Man's Role in Space' ( Spaceflight, 
June 1987, pp.240-247) of some interest. However, a couple 
of errors crept into the captions tofhe (spectacular) pictures. 

The astronaut with an MMU stinger about to dock with 
Westar VI (p.241) is Dale Gardner, not George Nelson as indi¬ 
cated. Nelson flew on STS 41-C and flew an MMU to dock 
with Solar Max. 

The view of an orbiting Shuttle (pp. 242-3) bears some 
resemblance to that from Bruce McCandless's EVA in an 
MMU, but on closer examination it proves to be a photo 


taken from SPAS-01 on STS-7. (Note the RMS cocked in a 7- 
position). On STS41-B, during which McCandless performed 
his EVA, the structure supporting boxes and Getaway Spe¬ 
cial canisters isfurtherforward than on the picture in the arti¬ 
cle. 

Despite our limitations, the human presence is and will 
continue to be vital in many space operations. The unparal¬ 
leled capacity of humans to recover successfully from a crisis 
has been demonstrated many times by US astronauts and 
(more recently) by cosmonauts Romanenko and Laveikin. 
Long may it continue to be so. 

RALPH D. LORENZ 
Henley-in-Arden, UK 

Ed. The same corrections have been received with our 
thanks from Michael Crowe who adds: 

The series of pictures taken by S PAS have often been used 
to illustrate a lot of media stories on the Shuttle. I always 
wince when the media, both in print and on TV, use the pic¬ 
tures as being from the 'latest' Shuttle mission when the 
RMS arm parked in the '7' position clearly identifies it as 
being from the seventh Shuttle mission, which was in June 
1983. So far, thank goodness, Spaceflight, has yet to make 
that mistake. 

MICHAEL A. CROWE 
Waramanga, Australia 


Deane Davis—An Appreciation 


We regret to record the death at the age of 81, of Deane 
Davis, a Fellow of the Society and formerly of La Jolla, Califor¬ 
nia until his retirement to Hawa, Hawaii. In spite of threats, blan¬ 
dishments and seductive talk, Deane was never persuaded to 
prepare a Personal Profile about his distinguished career for 
publication in Spaceflight, though insights into his fascinating 
life appeared in his account of the Atlas rocket development, 
"Seeing is Believing" ( Spaceflight, May 1983), and more fully in 
"The Coming of Age of US Rocketry" (JB/S, April 1986), which 
described some of his personal experiences during the 10 years 
of US rocketry developments leading to the launch of Atlas 3B 
on July 19, 1958. 

His letter describing a meeting with President Eisenhower 
the day after the successful SCORE (space communications) 
launch-in December 1958 is in typical style: 

I woke to find someone trying to knock my door down. It was 
Hank Eichel feeling no pain and absolutely splendid in a full 
dress uniform. I'd never seen him that way. "Put on your best 
scarf and rompers, old chap ," he said in a phoney English 



accent, "the air-crahft awaits to dither us thither to the white¬ 
washed halls, y'know. Ike waiteth, the cah waiteth, the air- 
crahft driver waiteth and I could use a spot." And he poured 
the last of my Tanquerey. He sounded like a Heine trying to 
imitate Pongo Twistleton - which was exactly the case. 

He continued: 

When we finally got back again to food, I ended up in a four¬ 
some of the President, Mr. Johnson and General Towers 
grouped around o small coffee table. I was directly across 
from Ike shovelling it in as fast as I could under the cir¬ 
cumstances. "What is your handicap?" Ike asked me. "Well, 
sir, it isn't talking too much,' I said. 

Deane, an aerospace engineer of many years standing at 
General Dynamics, Convair Aerospace Division, was intimately 
concerned with the development of the Atlas rocket, and its var¬ 
iants, from the earliest days. His circle of friends included many 
who contributed to the American Space Programme. Deane, 
unlike one of his closest friends, Kraft Ehricke, a Fellow of the 
Society and a visionary before his time who also died 
recently, was a down-to-earth engineer and always one of the 
first to get to the nub of any problem. This, combined with his 
wit, charm, great discernment, an impish sense of humour and 
ever-ready smile, made him an irresistible companion. (See his 
account of his trousers catching fire while giving a presentation 
before a distinguished audience following the successful Sur¬ 
veyor flight, reported in "From the Secretary's Desk", Spacef¬ 
light ,-February 1985, p.94). Many members of the Society will 
recall this for themselves when Deane held them enthralled in 
an impromptu talkat an HQ meeting during one of his all-too- 
rare visits to the UK. 

His humour and his great love of the United Kingdom 
prompted an essay "AChild'sGardenofEnglish History" which 
steadfastly remained as a strictly type-written draft. Had he 
finished it, it would surely have been a best seller. Deane also 
developed his own style of painting, which he coded 
"perspecs" (a two-dimensional exercise in perspectives) many 
examples of which were space-inspired. 

Deane had promised to return to the UK again. Now we wait 
in vain. 

Lon Carter 
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The latest news from Dr. William McLaughlin at the Jet Propulsion Laboratory in California. 


To The Moon On The Cheap 


The obvious advantage to building a spacecraft of 
low mass is that it greatly simplifies the task of mov¬ 
ing the spacecraft from Earth to its destination. This 
benefit is particularly significant during the present 
period of reduced launch capability, but in any case it 
makes the associated mission easier to fund and 
schedule. A study team at JPL has recently developed 
a low-mass spacecraft and propulsion concept that 
would allow a systematic programme of low-cost 
lunar science. In addition, demonstration of the pro¬ 
pulsion system, a solar-electric ion engine, in this mis¬ 
sion environment could reduce development costs for 
this technology for subsequent applications to more 
exacting interplanetary missions. Their findings were 
summarised in a report at the AIAA Electric Propulsion 
Conference at Colorado Springs in May. 

Since the Challenger accident and, in particular, the 
cancellation of the Centaur rocket as a high-energy 
upper stage for Shuttle, the situation has been exacer¬ 
bated. Gravity assists from the inner planets will be 
required by Galileo in order to get it to Jupiter, but the 
process will consume six years rather than the two- 
year direct flight time that was originally planned with 
the Shuttle/Centaur combination. Similar remarks 
apply to the proposed NASA/ESA Cassini mission to 
Saturn. Ion propulsion techniques (solar-electric or 
nuclear-electric), if they were available, could be used 
to some advantage. However, the technology is not 
proven, and the first-time cost of development for a 
flight project could be high. 

Kerry NockofJPL is leading the LGAS study team; 
the acronym "LGAS" stands for "Lunar Get-Away- 
Special" in recognition of the study team's plan to 
stow the spacecraft in a canister aboard the Shuttle for 
initial deployment into Earth orbit as part of NASA's 
Get-Away-Special programme. Nock should be famil¬ 
iar to Society members as the editor oft he August 1984 


JBIS special issue on Solar System Exploration and as 
the source of several innovative mission concepts 
which have appeared in these pages. Although the 
Shuttle would provide a very convenient mode of 
access to Earth orbit, there are approximately 25 other 
launch vehicles in the world, including NASA's Scout, 
that could support a launch of this low-mass space¬ 
craft, either in a dedicated or piggyback mode. Now 
that is versatility! 

Deployment from the Shuttle would follow opening 
of the GAS canister and spring ejection of the space¬ 
craft at 1 m/s. The first task of the new Earth satellite, 
after unfolding its solar array and science boom, would 
be to begin a search for the Sun, using two small cold 
xenon gas thrusters to manoeuvre its attitude. The 
spacecraft's attitude would be controlled by spinning it 
at a few rpm, and the main-engine thrusters are to be 
aligned parallel to the axis of spin. With the Shuttle at 
sufficient distance, the thrusting program would 
begin. 

At the start of the mission, the ion propulsion sys¬ 
tem would consume 1400 watts from the solar-array 
output, about 70 per cent of the spacecraft's available 
electrical power. To add energy to the orbit and initiate 
a slow spiral out from Earth, xenon ions would be 
expelled from the two main thrusters during the two 90 
degree arcs of the orbit when the thrusters are pointed 
•^nearly along the velocity vector of the spacecraft. Dur¬ 
ing the other two 90 degree arcs, the spacecraft would 
coast. The propellant load constitutes about 36 kg of 
the total spacecraft mass of 150 kg. 

in the course of their study, the LGAS team found 
thattheirEarth spiral strategy, although independently 
devised, had been first proposed in 1972 by H.W. 
Scheel. Scheel envisaged a low-thrust system which 
would be used to raise a TV-satellite from low-Earth to 
geosynchronous orbit. 


A low-mass, ion-drive spacecraft could slowly creep 
out of Earth orbit and arrive, in about two years time, 
at the Moon. In this cost-effective manner it would be 
possible to carry out an incremental programme of 
lunar science with modest launch-vehicle require¬ 
ments. JPL 
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Kerry Nock, LGAS study team leader, with the stowage (on the Shuttle) 
envelope for the spacecraft with which he hopes to conduct low-cost explora¬ 
tion of the Moon. Nock used this direct approach to challenge his team "to 
think small". NASA/JPL 


View of LGAS spacecraft (from Sun-side and with one solar panel removed) as 
it would be stowed in a Shuttle Get-Away-Special canister. NASA/JPL 
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The technique of low-thrust propulsion owes its 
effectiveness to a tortoise-like persistence. The 
increase in altitude at the beginning of the Earth spiral 
phase is calculated to be about 20 km per day, and the 
total thrust would only exceed the force due to atmos¬ 
pheric drag by about a factor of three. 

Gaining altitude and escaping from the sticky fin¬ 
gers of the atmosphere, the spacecraft would face a 
new challenge as it entered into the more intense por¬ 
tion of the Earth's trapped-radiation belts after about 
75 days of thrusting. Radiation always poses hazards 
to electronic systems (which would be radiation har¬ 
dened for LGAS) and degrades the efficiency of solar 
arrays. The outward spiral from Earth is planned to last 
about 650 to 700 days. Variations in duration are 
dependent upon launch conditions, which would 
determine the thrust/coast strategy most suitable for 
positioning the spacecraft for capture into a polar orbit 
around the Moon. 

Inward spiraling to the Moon would be 
accomplished by removing energy from the orbit with 
the ion propulsion system over a time span of about 
150 days. The final circular orbit is planned to be at a 
favourable observing altitude approximately 100 km 
above the lunar surface. 

The scientific payload for the first mission would 
consist of a 10 kg gamma ray spectrometer. With this 
instrument it may be possible to discover frozen water 
in (shadowed) lunar polar regions, if that substance 
exists in concentrations as high as one per cent to three 
per cent in the top one metre of soil. Water would be 
very important to future utilisation of the Moon. A 
polar orbiter such as LGAS would also be able to 
extend and refine the Apollo (near-equatorial orbits) 
survey of the elemental composition of the lunar sur¬ 
face, extending fractional coverage from the present 
23 percent to all of the surface of the Moon. Athird sci¬ 
entific objective is the detection and precise location of 
direction of astronomical gamma-ray burster sources 
in conjunction with other spacecraft including, possi¬ 
bly, the Mars Observer, Ulysses, and Soviet Mars mis¬ 
sions. Astronomers believe that gamma-ray bursts 
may originate in neutron stars. 

Doppler tracking (S-band) of LGAS would double 
the existing gravity coverage of the Moon. This type of 
information yields insight into internal structure and 
would be of aid in navigating future lunar missions. 

The return of data is planned at a rate of 1024 bits per 
second with a transmitter power of one watt. Half of 
the data stream would be devoted to realtime science 
and engineering and half to data played back from the 
1.5 megabits of on-board random-access memory, 
which allows recovery of lunar farside data. 

The programme of incremental lunar science that 
would be possible through a series of missions like 
LGAS, and the technological benefits derived from 
these expeditions, do not represent the limits of the 
concept. Indeed, "small is bountiful" because Nock 
says his study team has concluded that the spacecraft 
may also be suitable for missions to some near-Earth 
asteroids, if a Delta launch vehicle were used. The sci¬ 
entific and potential economic value of extending the 
survey capability of LGAS to these small bodies could 
be enormous. 

The current team effort is supported through study 
funds. Nock hopes to interest the science community 
and NASA in the LGAS concept to the extent that it 
becomes an approved project. If this were to occur, the 
earliest feasible launch date would be July, 1991. 
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Scanning Tunnelling 


The search for distant objects and the description of 
their properties constitute an important aspect of 
astronomy. Galileo's application of the newly disco¬ 
vered telescope provided a major capability for the 
implementation of this program. The great Italian 
astronomer and physicist realised that lenses could 
also be combined in a manner to yield views of nearby 
objects: enter the possibility of the microscope. 
Kepler, whose name is usually associated with 
astronomical topics, also made contributions to the 
theory of the microscope. The seventeenth century 
saw exciting developments in applied microscopy 
with the observations of scientists such as Malpighi, 
who was able to observe small capillaries connecting 
the arterial to the venous circulatory systems, and 
Leeuwenhoek, who observed single-celled animals. 

The resolution of optical microscopes is limited to 
about one third of the wavelength of visible light. Thus, 
one cannot expect to resolve objects smaller than 
approximately 1500 A. One angstrom (A) equals 10 10 
meters and is often employed in describing the dimen¬ 
sions of atomic-sized systems, which will figure in the 
subsequent discussion. 

The techniques of modern physics have come to the 
aid of the microscopist, and electrons, with their short 
wavelengths, have been substituted for photons to 
illuminate the object to be viewed (in 1925 de Brogile 
introduced the idea of matter waves associated with 
particles). The transmission electron microscope is 
quite analogous to its optical counterpart but employs 
magnetic "lenses" to focus the electrons. The (thin) 
specimen is illuminated by a beam of electrons 
focused by a condensing magnetic lens. After travers¬ 
ing the specimen, the electrons enter a converging 
magnetic lens, analogous to an (optical) objective lens, 
and the resulting image is magnified by another 
magnetic lens. The image can be conveyed into the 
optical domain by a fluorescent screen or a photo¬ 
graphic plate. 

Typical resolving powers achieved by this instru¬ 
ment fall in the range of 25 to 100 A, clearly an improve¬ 
ment over optical techniques but not down to the 
atomic realm of 1 A or thereabout. 

The first instrument capable of resolution at atomic 
levels was the field ion microscope, whose roots go 
back 50 years. A more versatile instrument, capable of 
producing images at atomic-level resolution over a 
surface area, has been developed in the last 10 years. 
Heinrich Rohrer and Gerd Binnig of IBM, Zurich, 
received the 1986 Nobel Prize in physics for the inven¬ 
tion and development of the scanning tunnelling mic¬ 
roscope (STM). Not only can resolutions under 1 A be 
obtained, but spectroscopy is also possible. That is, 
both the topography and the composition of a surface 
can be investigated at the atomic level. 

The center for Space Microelectronics Technology, 
recently established at JPL (see the May 1987 edition of 
the column), is one of a number of locations worldwide 
where research on the STM is being carried out. The 
field has proved so fertile that in July the Second Inter¬ 
national Conference on Scanning Tunnelling Micros¬ 
copy/Spectroscopy, was held in Oxnard, California. 
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William Kaiser leads the STM semiconductor inves¬ 
tigation group at JPL, within the Center for Space Mic¬ 
roelectronics Technology. It is planned to use the STM 
in the process of producing high quality devices for 
applications in submillimeter astronomy, communica¬ 
tions and computing. The STM supplies a "report 
card" on how well critical materials have been fabri¬ 
cated. 

Building uponjhe work of de Broglie and Bohr, the 
Austrian physicist Erwin Schrodinger developed the 
subject of wave mechanics within quantum theory and 
shared the 1933 Nobel Prize in physics with Dirac. 
Schrodinger associated a wave with each particle and 
developed his famous wave equation that mathemati¬ 
cally describes the state of the system in space and 
time. 

The most important physical interpretation of the 
wave function comes from its use in describing the 
probability of finding the system in a specified state. 
For example, given the wave function for an electron 
(obtained by solving Schrodinger's wave equation 
using applicable modeling and boundary conditions), 
the square of the amplitude of the function at any point 
is proportional to the probability of finding the electron 
at that point. Thus, the classical concept of simply 
locating a particle at a place in space and time has been 
I replaced by a probabilistic description of itsstate. Note 
that the evolution of the wave function in time is deter¬ 
ministic. The probabilistic part of quantum theory 
.arises when one interprets the wavefunction in terms 
of properties of particles. 

In classical physics, a particle can get from "hereto 
there" only if it has sufficient energy. For example, if an 
automobile is proceeding up a hill and the motor is 
stopped, the car will reach the top of the hill only if it 
has sufficient speed at the time of cessation of the 
engine's motive force, i.e., if the kinetic energy of the 
vehicle is not less than the potential energy difference 
between the top of the hill and the vehicle's present 
location (ignoring frictional losses). A more familiar 
example from these pages concerns the capability of 
various launch vehicles to place payloads into space. 
The cancellation of the Centaur G-prime as a high- 
energy upper stage for the Shuttle left the Galileo 
spacecraft with an energy problem in getting from 
Earth to Jupiter. A direct flight to J upiter was not possi¬ 
ble with the Shuttle/IUS combination, so Dr. Roger 
Diehl of JPL devised the VEEGA trajectory to obtain 
extra energy from three close planetary flybys. 

In the world of quantum physics, the situation is dif¬ 
ferent. The wave function for a particle extends, in 
many cases, indefinitely through space, transcending 
energy barriers. Therefore, a small particle, such as an 
electron, might be able to "tunnel” through an energy 
barrier some small fraction of the time - even if it could 
not surmount the energy barrier according to classical 
calculations. The electron does not ignore the barrier 
or is unaffected by it; the point is that the electron has 
some (small) chance to tunnel through it. 

The STM functions by bringing the probing tip of the 
instrument close enough to the specimen surface-to- 
be-examined so that the wave functions of the elec- 
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Pb T = 4. 2 K 
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trons in the metals of these two objects (tip and speci¬ 
men) overlap significantly. Then, when a voltage is 
applied across the gap, a small current will be able to 
"tunnel" its way through the (classically) non- con¬ 
ducting vacuum separating tip and surface. 

In practice, a small current will flow when the tip is 
about 10 A from the surface and a voltage of millivolts 
to a few volts is applied ("tip" is a somewhat mislead¬ 
ing term, since the point has a radius of about 100 A). 
The basic principle of operation is to adjust continually 
the tip/surface distance as the tip is scanned across the 
specimen surface in order to keep the tunneling cur¬ 
rent constant. Adherence to the principle of constant 



500 A 


The scanning tunelling microscope (STM), which is capable of resolution at 
the atomic level, produced this topographic map of a small section of a lead 
surface held at 4.2 degrees K ("Pb” is the abbrevitfian for "Plumbum.” the 
Latin/chemical name for lead). Measurement scales in the diagram are in 
angstroms (A). The 500 A relief scale is to be applied (Srvaty in the plane of the 
paper to estimate the height of surface irreguiarhia. Thus, an elevated ridge 
of a few hundred angstroms is apparent from this assembled set of scans (the 
STM can actually resolve to the single angstrom level). In the figure to the left 
the STM scans of the above figure have been coded with false colour to pro¬ 
duce a second view of the lead surface. Blue the lower elevations and 

the lead ridge is quite apparent. JPL 

current insures that the tip/surface separation is con¬ 
stant. Hence, any moving up and down of the tip to 
keep the current constant is actually a measure of 
undulations of the surface being scanned. 

The motion of the tip is controlled through the well- 
known piezoelectric effect; certain crystals change 
dimensions when a voltage is applied to them. This 
provides a very sensitive means of moving the tip 
through the small distances inherent in measuring sur¬ 
face topography at the atomic level (the voltage for 
piezoelectric control of the tip is, of course, distinct 
from the one being applied across the vacuum gap bet¬ 
ween tip and surface). 

Resolutions at the level of about 0.1 A are being 
achieved. Ultimately, 10 -4 A might be attainable over 
short scan arcs. The limit to resolution is set by the 
"shot noise" of electrons in the tunnelling current. For 
comparison, the so-called Bohr radius of the hydrogen 
atom is about 0.5 A. 

The piece of information obtainable through opera¬ 
tion of the STM concerns the local composition of the 
specimen under study. By stopping the tip over a point 
of the surface and varying the applied voltage, a 
characteristic "fingerprint" of tunnelling current 
responses is obtained which is diagnostic of the mate¬ 
rial at the point. In this way, one can do spectroscopy at 
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the atomic level of surface structure, identifying 
impurities and other alterations in composition. 

Atoms, the intellectual construct of Democritus .in 
the fifth century BC, have moved in recent years from 


at JPL - 

theory to direct observation; much as the planets of 
the ancients have swum into our ken through the pry¬ 
ing eyes of spacecraft. Can the nucleus of the atom and 
the stars be far from our direct view? 


Galileo Mission 


After coming within four months of launch, the 
Galileo project was forced to regroup subsequent to 
the Challenger accident last year. Now, as described in 
recent editions of this column, the tide has turned, and 
significant steps have been taken toward an October 
1989 launch: (1) a launch strategy was developed 
which substitutes an IUS upper stage and three 
planetary gravity assists for the cancelled Centaur 
high-energy upper stage for the Shuttle ( Spaceflight , 
November 1986, p.404), (2) spacecraft modifications 
are well underway to permit an excursion into the 
inner solar system to receive the Venus gravity assist 
[Spaceflight, May 1987, p.218), and (3) the October 
1989 Shuttle launch slot was confirmed by a joint 
NASA/ESA decision [Spaceflight, June 1987, p.229). 

Robert Gershman,.jof JPL, is chief of Galileo Mission 
Design Team (MDT). After launch, his team will integ¬ 
rate the high-level science and engineering activities 
desired for the spacecraft and pass the products, 
termed Orbit Plans, to the Galileo Sequence Team for 
detailed implementation. The resulting sequences of 
spacecraft commands will be radioed to Galileo's on¬ 
board computer and each will serve to direct the mis¬ 
sion for a period of time (between one day and one 
month). When one sequence is used up, another will 
be loaded into memory in its place. Spaceflight, 
January 1987, p.40 furnishes a more extensive discus¬ 
sion of the process. 

An important part of the integration task performed 
by the MDT is insuring that the Orbit Plan passed on to 
the Sequence Team of Galileo is free of conflict. There 
are a large number of rules that an Orbit Plan must 
adhere to in order not to conflict with Galileo systems 
represented by the spacecraft, ground stations, navi¬ 
gational plan, etc. For example, one must not attempt 
to play back totheEarth data from the spacecraft's tape 
recorder if, at the proposed time, inadequate coverage 
is available from antennae of the Deep Space Network. 

The number of such rules (60) and the level of detail 
of the Orbit Plans (up to 2500 activities for an eight-day 
encounter period) make it impractical to rely upon 
purely human checking of the Orbit Plan, and a compu¬ 
ter program MDCHECK ("Mission Design Check") is 
now under construction by an engineer and a prog¬ 
rammer on the MDT. Gershman sees completion of 
this relatively complex piece of software as one of his 
team's most challenging tasks in the next year. Inci¬ 
dentally, checking for rule violations is by no means 
complete when MDCHECK has been executed. There 
are approximately 200 items in a sequence that need to 
be checked, and each item is assigned to a procedure 
or piece of software to insure compliance. Then, of 
course, all individuals involved in the sequencing pro¬ 
cess must truly remain alert to catch errors which seem 
to be covered by no particular rubric except Murphy's 
Law: "if something can go wrong, it will". 

A second activity presently occupying the time of 
the MDT is the planning, in cooperation with other ele¬ 
ments of the project, of details of the mission from 
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launch (1989) to the end of activity in orbit about Jupi¬ 
ter (1997, or later). 

In order to appreciate the flavour of any planning 
activity at JPL, it is necessary to understand the con¬ 
cept "requirement" as it is used in this context. 

Formally, a requirement is a constraint or action 
levied by one project element upon another project 
element. One of the requirements placed by the 
Galileo Probe system upon the mission design is "the 
relative speed of the Probe at entry shall be less than 
47.8 m/s." The requirement is footnoted to add preci¬ 
sion by defining "relative speed" with respect to a 
uniformly rotating planetary atmosphere and "entry" 
as occurring at an altitude of 450 km above a precisely 
defined reference spheroid. 

Viewed thusly, a requirement would seem to be a 
harsh, inflexible kind of thing such as one might expect 
to encounter in a legal contract. Indeed, your corres- 

An engineer works on the Galileo probe during an early stage of its prepara¬ 
tion. The probe will be released by the orbiter to plunge through the Jovian 
atmosphere. 
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pondent recalls, several years ago, having a very dif¬ 
ficult time trying to elicit from a non-JPL scientist a pre¬ 
sumably simple environmental parameter for 'an 
instrument he planned to fly. After some rather puzzl¬ 
ing, to me, verbal exchanges, it turned out that my use 
of " requirement" had done the mischief. The inf lexibil- 
ity he read into this word made him wantto defer men¬ 
tioning a numerical value for the parameter lest it be 
seized and graven, once and for all, into stone. 

The truth is that a "requirement," in the sense we 
use the term, can be met, may fail to be met, can be 
changed, or may even be scorned ("I'll write it down, 
but there is no way that silly requirement can ever be 
met"). The virtue of having a patois based upon 
requirements is the clarity, through being explicit, that 
is introduced into the process. It is the engineer's 
attempt to bring the rigor of the mathematician to his 
subject. The ultimate fate of any requirement is deter¬ 
mined by negotiation and common sense. 

In March of 1987, a new set of mission requirements 
was issued by the MDT to reflect the present state of 
evolution of the mission. In a sense it is the team's 
manifesto and allows other project teams to carry for¬ 
ward their planning (or to object if they see an errant 
requirement). It is instructive to review the major 
events of the Galileo mission and to present, in a very 
selective fashion, some accompanying requirements 
on the design of the mission. During operations, a 
separate, but related, set of requirements applies. In 
this way, one can obtain an overview and a feel for 
some of the detail of the undertaking. A modern spdbe 
mission is a complex web of relationships. 

The nominal Galileo launch period extends from 
October 8 through November 24, 1989. The launch 
vehicle will be the Shuttle Atlantis with an IUS for injec¬ 
tion into interplanetary space. The mission system 
places, for example, a requirement on the launch-veh¬ 
icle system to provide telemetry coverage at 1200 bits 
per second for five minutes during IUS burns, with no 
more than a one minute outage. Butthe requirement is 
softened to avoid over constraining launch sequence 
design. That is, one would probably not want to scrub 
injection because of an anticipated 90-second tele¬ 
metry outage. Of course, some requirements, safety- 
related ones in particular, allow no such latitude. 

Approximately 100 days after launch, the spacecraft 
will fly closely past the planet Venus in order to receive 
a gravity assist toward its ultimate Jovian destination. 
Looping through the inner solar system, it will receive 
a second gravity assist, from Earth (about 400 days 
after launch). The third, and final, gravity assist (from 
Earth) takes place about three years after launch, and 
the spacecraft then proceeds on a direct flight to Jupi¬ 
ter. 

Approximately 150 days before closest approach to 
Jupiter, the atmospheric Probe will be released toward 
its target. Requirements on the navigational system 
state that, with 0.99 probability, the absolute time of 
entry of the Probe shall be controlled to within ±8 
minutes and the latitude of its entry point controlled 
within ± 0.5 degrees. Seven days after release of the 
Probe, the spacecraft (now called 'Orbiter', in recogni¬ 
tion of its intended use) will perform a manoeuvre to 
place it on a course that will allow itto overfly, for com¬ 
munication purposes, the Probe during its entry and 
descent through the Jovian atmosphere. 

The period of time surrounding entry into orbit 
about Jupiter is occupied by three critical events: (1) a 
close flyby of the satellite lo six hours before entry into 


Jovian orbit In order to make scientific observations 
and to receive a gravity assist that will reduce the size 
of the orbit insertion burn, (2) reception and relay to 
Earth of Probe scientific data by the Orbiter for up to 75 
minutes, as the Probe descends through the atmos¬ 
phere, and (3) ignition of the Orbiter's engine 45 
minutes after completion of receipt of data from the 
Probe, complementing the lo gravity assist and placing 
the Orbiter into an orbit about Jupiter with a period of 
approximately 230 days. This sequence of events is so 
critical that it will be tested in the spacecraft's comput¬ 
ers before launch (a corresponding test was done on 
the spacecraft before the originally planned launch in 
May of 1986) and demonstrated in flight after Probe 
release (with no main engine burn). A second example 
of a Probe requirement on the mission is: "TheOrbiter- 
Probe relative geometry shall be such that during the 
relay the Probe-to-Orbiter radio signal does not pass 
through the Jovian rings." This seems obvious; once 
somebody thought to write it down. 

In addition to Probe entry, several other unique 
observational opportunities occur on arrival day: lo 
close encounter, "ground truth" Probe entry-site 
observations by the Orbiter, and occupations of the 
Sun and Earth by Jupiter. Gershman and his Mission 
Design Team are now coordinating an extensive effort 
by many elements of the project to select a Jupiter arri¬ 
val date for Galileo which optimises observational- 
geometry and Deep Space Network coverage for these 
opportunities. Arrival-date selection also affects such 
diverse attributes as asteroid encounter opportunities 
on the way to Jupiter and the remaining amount of 
propellant available during the subsequent tou r of the 
Galilean satellites. 

At the farthest point from Jupiter ("apojove") in this 
first orbit, a large manoeuver is done in order to raise 
the altitude of the next, impending perijove (closest 
approach to Jupiter). Although the spacecraft systems 
have been designed to withstand the radiation from 
the intense Jovian belts during entry into orbit, 
repeated exposures close to Jupiter could prove harm¬ 
ful to the electronics. Hence, lo, the inner of the four 
Galilean satellites, will be visited at close range only 
once, during the gravity assist. "The trajectory design 
shall ensure a radiation design margin of not less than 
2 after completion of five revolutions and not less than 
1 after the completion of the whole nominal satellite 
tour...," and the requirement goes on to specify the 
details of the radiation design assumptions. ; 

The satellite tour itself consists of repeated encoun- ' t 

ters with thethree other Galilean satellites, Ganymede, 
Europa, and Callisto, with ten close encounters taking 
place in a period of 22 months. Also, a large orbital 
excursion will send the spacecraft to explore the tail of 
the Jovian magnetosphere. 

During the tour it is necessary to recognise that 
finite resources exist on tne ground, and the following 
requirement reflects this fact: "Changes in satellite 
aim points and times of closest approach due to chang¬ 
ing science desires shall not be accepted later than the 
start of Orbit Plan development for the first orbit in 
which such a change occurs." 

Let us close with a requirement that is also phrased 
in the form of a limitation but really conveys some¬ 
thing of the great scope of Project Galileo: "A 
maximum of 50,000 images shall be permitted." What 
a treasure chest of photography that will constitute! 

Any bets on the fate of the design requirement if image 
number 50,001 looks to be exciting? 
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Ariane Launcher in Operation 


The directors of Arianespace, the world's first industrial and commer¬ 
cial space transport company, have every reason to be confident about 
the future. Despite a break of well over 12 months in the Ariane launch 
schedule, the company has showed a substantial increase in its 1986 pre¬ 
tax profits and secured a further 18 launch contracts in its order book. So 
far in 1987 another four satellites have been registered for launch by 
Ariane, making a total of 63 satellites, 14 of which have already been 
placed successfully in orbit. Mission V19, the first since last May's failure, 
is now scheduled for the middle of this month (September), although 
Arianespace remains understandably cautious and will postpone the 
launch should any major problems arise. 


Annual Report 

Of the six planned launches for 
1986, three were accomplished. After 
the successful orbit injection of the 
satellites SpotA/iking during flight V16 
(February 21, 1986), G-STAR II (Ameri¬ 
can) and SBTS 2 (Brazilian) during 
flight V17 (March 28, 1986), the third 
stage cryogenic engine had a problem 
during the ignition phase, leading to 
the loss of the Intelsat V F14 satellite on 
flight V18 (May 30,1986). 


Fourteen recommendations were 
formulated by a six member commis¬ 
sion of enquiry into the failure and all 
have been taken into account by tech¬ 
nicians with the responsibility of cor¬ 
recting the problems of flight V18 and 
consolidating definition of the third 
stage engine concerning ignition and 
the turbopump bearings. 

By thaend of last year, 32 simulated 
altitude tests had been completed 
leading to the choice of a new ignitor 



Launch of flight VI0 in August 1984 (opposite). The Ariane 3 version, carrying two communications satel¬ 
lites, is the same as that for mission V19. The inset picture (above right) is an aerial view of the ELA1 and ELA 
2 launch pads. An Ariane 3 launcher is being prepared on the ELA 2 pad which was used for the first time in 
March 1986. Monitoring'of Ariane launches takes place in the 'Jupiter' control room (below) at the Guiana 
Space Centre. Arianespace 
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Flight 

Month 

Vehicle 

Payload 



1987 


V19 

Aug 

Ar3 

AUSSAT K3 & ECS 4 

V20 

Oct 

Ar2 

TVSAT1 

V21 

Dec 

Ar3 

G STAR lll/GEOSTAR R01 & TELECOM 1C 



1988 


V22 

Jan* 

Ar4 

APEX 401 : METEOSAT P2, AMSAT & 
PANAMSAT 

V23 

Mar 

Ar2 

INTELSATVF13 

V24 

Apr 

Ar2 

TDF-1 

V25 

May 

Ar3 

SPACENETIIIR, GEOSTAR R02 & SBS 5 

V26 

Jun 

Ar3 

EC5&INSAT1C 

V27 

Sep 

Ar4 

ASTRA 1 & MOP 1 

V28 

Oct 

Ar2 

INTELSATVF15 

V29 

Nov 

Ar4 

TELE-X** & SKYNET 4B 

• Decision to launch ARIANE 401 between Flights 21 8t 23 o 

r between Flights 20 & 21 will be made later on 

•• In the event that SSC decided to schedule TELEX on another launch, JC-SAT will have priority on Flight 29 j 



1989 


V30 

Jan 

Ar3 

OLYMPUS 

V31 

Feb 

Ar2 

JCSAT&DFS1 

V32 

Mar 

Ar2 

SPOT 2 

V33 

Apr 

Ar4 

SUPERBIRD-A& HIPPARCOS 

V34 

May 

Ar4 

INTELSAT VI FI 

V35 

Jun 

Ar4 

SUPERBIRD-B& INMARSAT2 FI 

V36 

Sep 

Ar4 

TDF-2 & DFS 2 (or INMARSAT 2F2 or 

GSTARIV/GEOSTARTR1) 

V37 

Oct 

Ar4 

SATCOM K3 & 1N MARSAT 2 F2 (or DFS2 or 
GSTAR IV/GEOSTARTR1) 

V38 

' Nov 

Ar4 

INTELSAT VI F2 



1990 


V39 

Jan 

Ar4 

EUTELSATIIA& MOP2 

V40 

Feb 

Ar4 

TVSAT 2 & GSTAR IV/GEOSTAR TR1 (or 

DFS 2 or INMARSAT2F2) 

V41 

Mar 

Ar4 

EUTELSATII B & SKYNET4C(orERS 1) 

V42 

Apr 

Ar4 

1NTELSAT VI F3 (or AN 1K E1) 

V43 

May 

Ar4 

ERS 1 (or EUTELSATIIB & SKYNET4C) 

V44 

Jun 

Ar4 

ANIKEI (or INTELSAT VI F3) 

V45 

Sep 

Ar4 

EUTELSAT IIC & ITALSAT 1 

V46 

Oct 

Ar4 

SATCOM K4 & GEOSTAR II 

V47 

Nov 

Ar4 

ANIKE2 



Liquid propellant booster for the Airane 4 
launcher. Arianespace 


configuration and new ignition sequ¬ 
ence. ( Spaceflight, February 1987, 
p.57). This year has seen the total rise 
to 41 simulated altitude tests on four 
engines with 19 of them in the V19 
flight configuration, and 13 tests on 
five engines inthe V19flight configura¬ 
tion. 

The delay in launches has been 
used to general advantage in review¬ 
ing Ariane systems and in particular for 
refining the operation of the third stage 
engine turbopump bearings. 

Arianespace has maintained pro¬ 
duction at a steady rate for all the 
launcher elements which have not 
been affected by the third stage igni¬ 
tion problem. In this way, the first and 
second stages, as well as the fairings 
and equipment bays, have been regu¬ 
larly produced albeit at a reduced rate 
to limit storage problems. 

Financial Results 

Arianespace accounts for 1986 
showed a turnover of FF 1,289 million 
and net profits amounting to FF 259 


million, compared to FF 208 million in 
1985. 

The 18 new launch contracts., valued 
at around FF 6 billion, cover the launch 
of five European, four American, two 
Japanese and one Indian spacecraft, as 
well as six satellites for international 
organisations. Eight of these custom¬ 
ers choose Ariane for the first time. 

Since the creation of Arianespace in 
1980, 31 launchers have been ordered 
from the European space industry (in 
addition to the 10 Ariane 1 launchers 
ordered by ESA). Of the 31 launch veh¬ 
icles, eight have already flown, 23 are 
in production (five of them partially 
delivered and stored in the Aeros¬ 
patiale centre at les Mureaux). These 
23 launchers represent a sales value of 
about FF 10 billion for the European 
space industry, and are made up of 10 
Ariane 2/3s and 13 Ariane 4s. 

Ariane 4, capable of launching satel¬ 
lites weighing two tons, will be the 
workhorse of Arianespace for the next 
ten years. The first launch of this ver¬ 
sion is scheduled before the spring of 
next year. 


Adaptability of the Ariane launcher 
resultsfrom modular design of the first 
stage, giving optimum adjustment of 
performance and a range of pos¬ 
sibilities for using the payload volume 
inside the nose fairing. 

Thus, the Ariane 3 launcher is 
derived from Ariane 1, incorporating a 
series of modifications which increase 
the weight that can be placed into 
geostationary orbit from 1825 kg to 
2580 kg. The Ariane 3 launcher has 
three stages, with the first incorporat¬ 
ing two boosters, ignited just after lift¬ 
off. 

The Ariane 2 version is identical to 
Ariane 3, but without the extra boos¬ 
ters. 

Ariane 4 offers six variants for single 
or dual payload configuration launch¬ 
ing of a wide range of satellites with 
mass values of between 1900 kg and 
4200 kg. 

It differs principally from previous 
members of the Ariane family by the 
nature of the boosters used. These can 
I be: 
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• Two or four solid propellant boos¬ 
ters derived from those used in the 
Ariane 3 version. 

• Two or four liquid propellant boos¬ 
ters carrying approximately 40 met¬ 
ric tons of fuel and using the Viking 
engine. 

• A hybrid version with two solid 
propellant and two liquid propellant 
boosters. 

• A variant with no boosters. 

This choice of configurations pro¬ 
vides a wide degree of flexibility, giv¬ 
ing Arianespace the ability to adjust 
launcher performance to individual 
payloads. 

Following Ariane 4 will be a com¬ 
pletely newconfiguration-Ariane 5- a 
launcher that will be capable of putting 
up to 5800 kg or the planned Hermes 
manned spaceplane info Earth orbit. 

Insurance 

During 1985/6 the space insurance 
market experienced a loss exceeding 
US$400 million and as a result insur¬ 
ance premiums are almost as large as 
the cost of launch. For example, a cus¬ 
tomer wanting to launch a 1200 kg 
satellite will have to pay about US$45 
million for launching proper and 
US$20 to 25 million for its insurance. 

Facing up to the problem, Arianes¬ 
pace decided the most critical risk is 
during the launching phase when 
Ariane transports two satellites simul¬ 
taneously. The "risk accumulation" 
problem can then be defined in terms 
of available capacity because when the 
two satellites are separated from the 
launch vehicle the risks are indepen¬ 
dent and the capacity available on the 
market is nearly sufficient. 

To create a new available capacity 
to cover the launching phase, Arianes¬ 
pace considered a series of launchings 
rather than solving the problem on an 
individual basis. 

The organisation of a system based 
on a series of 15 launchings, not man- 
datorily successive, permits offering 
Arianespace customers a "launch risk 
guarantee" for launchings scheduled 
within three years. 

S3R, a 100 per cent Arianespace 
subsidiary which started operation in 
January 1986, manages the new insur¬ 
ance plan which has so far been taken 
up by 15 clients with many others tak¬ 
ing a strong interest. 

"The launch risk guarantee" is 
aimed at covering a part ofthe financial 
risks run during the Ariane launch 
phase (theperiod betweentheopening 
of the launch table clamps and the 
satellite separation following injection 
into geostationary transfer orbit). Pay¬ 
ment schedule for this supplementary 
service follows that of the main con¬ 
tract and the price isfixed at the outset. 
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Second stage for flight V'19 being put into place on launch pad ELA 1 during June. Arianespace 

Launch Decision Awaited 

A final decision on whether to go ahead with the launch of mission V19 on Sep¬ 
tember 11 was expected from Arianespace at the end of last month (August). 

Following a series of successful tests the redesigned third stage motor has 
been fitted to the Ariane third stage. Further tests on two identical motors were 
being carried out and if positive clearance for launch was expected. 

The V19 mission is due to put the Austrialian Aussat K3 and European ECS-4 
communications satellites into orbit. If everything goes well with the launch two 
further misisons are planned before the end of the year. 
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Space Plan Flounders 


Future British space plans were thrown into turmoil this August after the 
resignation of Roy Gibson, Director-General of the British National Space 
Centre. His decision followed the Government's rejection of the BNSC's for¬ 
ward-looking space plan, which would have put the UK on a par with other 
major European nations, and the refusal to provide funds needed urgently by 
British firms involved in research on various European projects. 


Commitment to Space 

When Roy Gibson was appointed 
head of the newly formed British 
National Space Centre in November 
1985 there was a new mood of 
optimism throughout the UK space 
industry. 

It was well founded. Mr. Gibson (62) 
brought a wealth of experience and 
international standing to the previ¬ 
ously fragmented British space effort. 

He was one qf the principal 
architects of the European Space 
Agency pnd became the first Director- 
General on its inception in 1975. After 
leaving ESA in 1985 Mr. Gibson was a 
consultant to and director of several 
UK and multi-national space com¬ 
panies. 

Given such a background, Mr. Gib¬ 
son's appointment as leader of the 
fledgling BNSC was seen as an obvi¬ 
ous commitment by the British Gov¬ 
ernment to space. 

Sir Geoffrey Pattie, the Government 
minister then responsible for space 
activities, described it as "a very 
important time" for the British space 
industry when he announced the 
appointment on November 20,1985. 

"It is a clear recognition in Govern¬ 
ment circles of space as a leading-edge 
technology generator. This is an excit¬ 
ing area for Britian to be involved in," 
he said. 

Margaret Thatcher and President Reagan study £ 
summit in London. Mrs. Thatcher gave her suppo 



Sir Geoffrey Pattie. 


Writing in Spaceflight (April 1986, 
p.156), Sir Geoffrey, who lost his 
cabinet position as Secretary of State 
for Trade and Industry following the 
general election this June, said: "The 
establishment of a national space 
centre does not signal a new direction 
in our space policy in Britian. Rather it 
emphasises the Government's com- j 
mitment to the development of space 
technology for industrial, scientific and 
defence purposes." 

Space Station model during the June 1984 economic 
t for the international space station. 


Twenty months later the BNSC was 
plunged into a crisis. Mr. Gibson's res¬ 
ignation was announced in a brief 
statement issued by the Department of 
Trade and Industry late on August 4. It 
will take effect from the end of this 
month (September 30) when Mr. 
Gibson will leave the Civil Service. Mr. 
Jack Leeming, his present deputy, will 
take over as acting head of the BNSC 
until a permanent successor is 
appointed, probably in the newyear.A 
special meeting to discuss the future of 
BNSC is due to take place during the 
first week of this month. 

Space Plan 

Part of Mr. Gibson's brief when he 
took the helm of the BNSC was to pro¬ 
duce a national space plan to take the 
country forward into the next century. 

The 15-year plan first went before 
the Cabinet last autumn but was sub¬ 
jected to a protracted dragging of 
heels, despite the impending Euro¬ 
pean ministers' meeting in June (now 
postponed until November) when 
decisions were needed on UK partici¬ 
pation in various European projects, 
including Ariane 5 and the Columbus 
space station. 

Finally, on July 24 this year the 
Prime Minister, Mrs. Margaret 
Thatcher, told MP's in the House of 
Commons that the Government was 
unable to find anymore money to fund 



the expansion called for in the UK 
space programme. 

Details of BNSC's space plans were 
not openly published but the crux was 
for a three-fold increase from the pre¬ 
sent £112m to an annual budget of 
around £300m. 

Five key areas identified for invest¬ 
ment were: launch vehicles, the inter¬ 
national space station, remote sens- 
, ing, space science and communication 
satellites. One of the aims of the plan 
^^was to increase the UK's contribution 
to ESA to a level comparable to that of 
its partners with a similar GNP. 

The UK's £100m a year space 
budget compares with France's £700m 
(to be increased to £900m) and Ger¬ 
many's £3-500m. Italy, and even India, 
now spend more on space than Britain. 

Higher investment in ESA space 
programmes would have allowed 
Britian to take a lead in some projects. 
The Columbus Space Platform for 
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Roy Gibson 


In November 1985, the separate 
branches of Britain's space activity 
were brought within the manage¬ 
ment structure of the newly-formed 
BNSC. Many factors augured well for 
the success of the new organisation, 
the move being recognised as long 
overdue and indeed necessary if 
Britain was to hold its place interna¬ 
tionally in space affairs. 

The appointment of Roy Gibson as 
its first Director-General gave Britain 
a new authority among its European 
partners, who recognised Mr. 
Gibson's standing from his service as 
the first Director-General of ESA dur¬ 
ing which the organisation was 
largely created in its present form. 
Now at BNSC, his mandate was to 
develop a strong, co-ordinated UK 
space policy embracing the work of 
Government departments, research 
establishments and industry. 

It soon became clear that the BNSC 
was fulfilling a much needed role 
among previously departmentalised 
space interests. The Centre wasfound 
to be approachable and effective in 
promoting a new level of communica¬ 


tion and liaison over the whole spec¬ 
trum of space activity from the 
academically scientific to the com¬ 
mercially entrepreneural. It was also 
clear that this was due in no small 
measure to the quiet style and 
energetic contribution of the man at 
the top, Roy Gibson. In a relatively 
short time (by July 1986), he had coor¬ 
dinated Britain's space participants 
and evolved a future space plan for 
Britain. 

In contrast to BNSC's positive 
actions and detailed analyses for 
Britain's future in space, the Govern¬ 
ment's reception of the plan over the 
last year has been unresponsive, non- 
commital, discouraging and finally 
dismissive. Many might well now ask 
whether setting up the BNSC and the 
formulation of the Space Plan was an 
unfortunate accident - a glaring 
example of wasted opportunity and 
personal talents. Roy Gibson has 
made his position clear by resigning 
from his post. In this, he takes with 
him the understanding, respect and 
appreciation of the many people who 
have seen his efforts at the BNSC and 
gladly associated with him. 


Earth observation is one example and 
the Hotol spaceplane’ another. Now, 
there is little chance that the UK, con¬ 
tributing at such a low level, will be 
able to presuade ESA members to con¬ 
tribute to a British-led project. 

Part of the Government's reluctance 
to approve even a modest increase in 
space spending stems from its desire 
to contain research and development 
within current limits. 

During Question Time in the Com¬ 
mons before MP's went on their sum¬ 
mer recess, Mrs. Thatcher defended 
the Government's attitude. 

"We spend some £4.5 billion on 
research and development. We are not 
able to find any more resources with¬ 
out switching funds from one research 
or technology development to 
another," she said. 

"We feel we cannot make the 
switch. We shall continue our subscrip¬ 
tion to the European Space Agency but 
at present we are not able to find any 
more money." 

It is Mrs. Thatcher's view that 
money to finance space research 
should come from the private sector. 

ESA Meeting 

At the end of July the Government 
announced the formation of a new 
Cabinet Committee, chaired by Mrs. 
Thatcher, to examine all aspects of 
spending on research and develop¬ 
ment. Mr. Kenneth Clarke, the minister 
responsible for space, will beseeking a 


mandate from this committee to take 
to the ESA ministerial meeting this 
November. 

Postponement of the meeting from 
June meant the BNSC Tiad to find an 
extra £6m to £9m to enable various UK 
companies to continue working on cur¬ 
rent ESA contracts until November. 



However, a BNSC request for cash was 
refused by the Department of Trade 
and Industry leaving Mr. Gibson and 
the firms involved in an uncompromis¬ 
ing position. 

Higher Investment 

A warning that Britain would lose 
out unless it invested more in space 
technology came from Professor 
Reimer Lust, Director-General of ESA, 
during a visit to the UK in the first-week 
of August. 

He said it would be his duty to 


advise member states that decisions 
have to be taken regardless of whether 
the UK is in a position to participate or 
not. 

Criticism of the Government's deci¬ 
sion on space funding mounted 
rapidly. The United Kingdom Industrial 
Space Committee, meeting on August 
6, accused the Government of under¬ 
mining the confidence of the aeros¬ 
pace and electronics industries 
involved in space. 

Mr. Chris Darke, national organiser 
of the technical union, TASS, said: 
"The Government hope that private 
industry will fund future space ven¬ 
tures cannot be taken seriously. 

"Most of these, such .as the 
revolutionary space plane Hotol not 
only require large amounts of finance, 
but are technological leaders to the 
extent that much risk is involved. His¬ 
torically, private industry is slow to 
finance such innovation". 

British Aerospace, approaching the 
final stage of its proof of concept 
studies on Hotol this month, also 
warned that the UK could be left out. 

"We believe that there are certain 
commitments for the UK on Hotol and 
the space platform. At present it is 
unclear as to how these commitments 
can be met," said a company spokes¬ 
man. 

A low level of investment in space 
research could lead to countries like 
France or Germany taking over major 
development work on innovative pro¬ 
jects like Hotol, with UK companies 
being left as small sub-contractors. 
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SPACE REPORT 

A monthly review of space news and events. 


Major Launches Consolidate Soviet Lead 


Soviet activities continue to dominate the world space scene. Two major 
launches occurred in July - the Soviet-Syrian crew to the Mir space station 
and a new unmanned observation platform, larger than any previous Earth 
resources satellite. Our first report of the latest manned mission to Mir (see 
below) will be followed by a more detailed analysis in a subsequent issue. 


Launch of Soyuz TM-3 on July 22 from Baikonur carrying the Soviet-Syrian crew. 


The international space crew of 
Alexander Victorenko, Alexander 
Laveikin and Syrian cosmonaut 
Mohammed Faris returned to Earth 
from the Mir orbital complex on July 
30, leaving Yuri Romanenko and 
Alexander Alexandrov on board. 

Their Soyuz TM-2 descent module 
landed an hour after dawn 140 km 
north-east of the town of Arkalyk, 
Kazakhstan. The cosmonauts were all 
well. 

Helicopters were on site to welcome 
them home, four hours after they had 
bid farewell to Romanenko and 
Alexandrov, bolted the transfer hatch 
and undocked from the Mir space sta¬ 
tion. 

A high wind dragged the descent 
module, hanging from its parachute, 
towards a village amid the fields 
below. It came down in a cloud of yel¬ 
low dust, braked by its landing 
engines, two kilometres from the 
nearest buildings. 

Victorenko and Faris lounged com¬ 
fortably in their seats as a group of 
medics stood over Laveikin, who had 
spent over half a year in zero gravity. 
Looking slightly pale, Laveikin braved 
his "weighty" situation with a smile. 
Concern by doctors over unexpected 
readings from his heart had led to his 
replacement in the main crew by 
Alexandrov. 

After a brief news conference in the 
fields, surrounded by friends and local 
farmers, the crew flew to Arkalyk by 
helicopter, and two hours later at the 
Baikonur Cosmodrome were given the 
traditional Russian welcome of bread 
and salt. 

Victorenko, Faris and backup flight 
engineer Victor Savinykh spoke to 
reporters at the Baikonur Cosmod¬ 
rome. Laveikin was still under special 
medical care, but his heath was not a 
source of concern. 

Doctors said their clinical examina¬ 
tion of Laveikin had revealed no prob¬ 
lems. The abnormalities in the func¬ 
tioning of his heart, discovered during 
the flight, had been treated. They will 
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Alexander Laveikin 


carry out more research at the national 
heart research centre to find out the 
cause. 

Alexander Victorenko, asked why 
he had adapted to space so quickly - 
within the first hours of the flight - 
believed it was the result of ten years of 
training. He observed that Mohammed 
Faris has also adapted relatively 
quickly and was working on the second 
day. 

Laveikin later recalled that the first 
crews to spend months in space had 
had to pay a higher price for the return 
to gravity, and praised the develop¬ 
ments achieved by the doctors. 

"I would certainly like to carry on the 
work. I felt well during the flight. I felt 
great throughout. But you can't argue 
with the doctors," he said. 

Government Meeting 

A special meeting of the Syrian gov¬ 
ernment described the joint space mis¬ 
sion which enabled the first Syrian to 
go into space as "an outstanding event 
in the history of Soviet-Syrian rela¬ 
tions". 

The cosmonauts brought back with 
them results of several experiments 
and photographs of Syria for use in 



Cosmonaut Alexander Alexandrov (44) who has 
replaced Alexander Laveikin on board the Mir 
space station. Alexandrov made his first flight 
aboard the Soyuz T-9/Salyut 7 complex in 1983. 

Novosti 

studying the country's natural 

; resources. 

Much information was also 
gathered on physical processes in the 
upper layers of the Earth's atmosphere 
and in the ionosphere. 

Launch and Docking 

Soyuz TM-3, with its international 
Soviet-Syrian crew, was launched 
from Baikonur on July 22, docking suc¬ 
cessfully with the Mir space station two 
days later. 

The two cosmonauts who had been 
aboard Mir since February 6, Yuri 
Romanenko and Alexander Laveikin, 
welcomed the-first Syrian in space, 
Mohammed Faris, and his colleagues 
Alexander Alexandrov and Alexander 
Victorenko. 

Soviet TV viewers saw a livetelecast 
from space which showed the, crucial 
moment of docking. Mohammed Faris 
was seen to greet the men on Mir with 
the words, "Dobroe Utro (good morn¬ 
ing), Salam." 

Victor Blagov, deputy mission con¬ 
troller, reported that it was the first 
time that a manned spacecraft had 
docked with the Mir station using the 
port on the Kvant astrophysical mod¬ 
ule. 


Soviet Earth Survey Platform 

The largest civilian Earth survey spacecraft ever launched was put into orbit by 
the Soviets on July 25. 

Weighing between 15 and 20 tons, the Earth resources/ocean survey platform 
was launched by the Proton booster. 

According to the Soviets, the spacecraft, designated Cosmos 1870, carries 
multi-disciplinary science instruments that will provide information for hydrology, 
cartography, geology, agriculture and the environment. 

The platform, similar to but larger than the US Earth Observing System planned 
for launch in 1996, will supply the newly formed Soyuzkarta organisation with data 
for sale world-wide. As such it will compete with the US Landsat and French Spot 
satellites in an area of space development that is likely to expand dramatically by 
the end of the century. 

Soyuzkarta has been set up by the Soviet Department of Geodesy and Cartog¬ 
raphy to sell photographs of the Earth taken from space. 

According to Victor Yatsenko, department chief, the smallest resolution obtain¬ 
able in pictures taken from Mir is six metres. 

"Quite a few countries have sent in requests for space photographs of their ter¬ 
ritory. These include Australia, Kuwait, Angola, North Korea, Vietnam and the Ger¬ 
man Democratic Republic," said Yatsenko. 

A training centre has been set up in Dushanbe, Tajikistan, to teach foreign 
specialists how to interpret space photographs. 


Space Medicine... 

New materials to be used in 
preparing medicinestofightmany 
serious diseases, are being pro¬ 
duced aboard Soviet manned and 
unmanned spacecraft. 

Less than eight hours after the 
return to Earth of Cosmos 1841 on 
May 8 (launched April 24, 1987) 
various preparations from the 
satellite were at the Institute of 
Biomedical Technology in 
Moscow. They were produced in 
the Kashtan automatic unit. 

Alpha-1 Thymosin was pro¬ 
duced in a thymus hormone purifi¬ 
cation experiment. Thymosin can 
be produced in laboratories on 
Earth but it lacks the purity of a 
space-produced sample. 

Another orbital preparation of 
the interferon type is being used in 
the Soviet Union for the treatment 
of viral and tumour diseases. 


Space Missions ... 

During a recent visit to Austria 
of a delegation led by Mikolai 
Ryzhkov, the Soviet Prime Minis¬ 
ter, the possibility fo a joint 
Soviet-Austrian space mission 
was discussed. Arrangements for 
a possible Soviet-Afghan space 
flight are also making progress. 


Space Tests _ 

The Soviet Luch communica¬ 
tions satellite capable of handling 
30,000 to 40,000 channels is being 
tested at the Intercosmos com¬ 
munications centre near Moscow, 
by countries involved in the joint 
project. 

Czechoslovakia provided the 
receiving station; Hungary, 
Poland and the German Democra¬ 
tic Republic designed the measur¬ 
ing and tracking equipment, and 
Bulgaria the transceiver used in 
the satellite to pick up and re¬ 
broadcast signals. 

Already communications chan¬ 
nels between the countries have 
been upgraded and use of digital 
systems will now more than dou¬ 
ble the facilities available. 

Space Scientist... 

Mikhail Ryazansky (78), a space 
scientist who supervised the crea¬ 
tion of radio control systems for 
Soviet rockets and spacecraft, 
died in Moscow recently. 
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SATELLITE 
DIGEST-205 

Robert D. Christy 

Continued from the August 1987 issue 


A monthly listing of satellite and spacecraft launches, com¬ 
piled from open sources. The heading to each launch gives 
the name of the satellite, its international designation and 
its number in the NORAD catalogue. Launch times are given 
in Universal Time and are accurate to about five minutes 
except where marked with an asterisk, where the time is to 
the nearest minute as announced by the launching agency. 


COSMOS 1843, 1987-39A, 17940. 
Launched: 0915, 5 May 1987 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrumentunit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. Overall length is about 6 
m, maximum diameter 2.4 m and the 
mass is between Sand 7 tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 347 x 415 km, 92.21 min, 70.38 deg. 


GORIZONT 14, 1987-40A, 17969 
Launched: 1445, 11 May 1987 from 
Tyuratam by D-1-e. 

Spacecraft data: Stepped cylinder with a 
dish aerial array at one end. Electrical 
power is provided by a pair of rotatable 
solar panels at right angles to the body. 
Station keeping is by the use of gas jets, 

UK Firm 
to Build 
Fuel Plant 

Air Products Limited is increas¬ 
ing its involvement in the Euro¬ 
pean space programme with the 
sale of an air separation plant to 
the Centre National d'Etudes 
Spatiales to provide liquid oxygen 
and nitrogen for fuelling Ariane 
rockets. The project is worth over 
£5 million. 

The plant will be at French 
Guiana, the location of the Euro¬ 
pean Space Agency's launch site, 
where the parent company. Air 
Products and Chemicals, already 
ships liquid hydrogen as part of 
Ariane's launch programme. 

Design for the new plant is now 
under way at Air Product's Euro¬ 
pean headquarters at Hersham in 
Surrey and fabrication will take 
place at the company's manufac¬ 
turing works at Acrefair in North 
Wales. 

When site erection is com¬ 
pleted, the plant will be commis¬ 
sioned and handed over as a cus¬ 
tomer owned and operated plant. 
The on-stream date is set at mid- 
1988. 
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and three-axis stabilisation is achieved by 
momentum wheels. The length is about 5 
m, the maximum diameter about 2 m, and 
the mass around 2000 kg. 

Mission: Communications satellite pro¬ 
viding continuous telephone, telegraphic 
and television links both within the USSR 
and abroad. 

Orbit: Geosynchronous above 140 deg 
east longitude. 


COSMOS 1844, 1987-41 A, 17973 
Launched: 0546, 13 May 1987 from 
Plesetsk by D-2? 

Spacecraft data: Not available. 

Mission: Possibly electronic intelligence 
gathering. 

Orbit: 849 x 853 km, 101.99 min, 71.01 deg. 


COSMOS 1845..1987-42A, 17975 
Launched: 0600, 13 May 1987 from 
Tyuratam by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. Overall length is about 6 
m, maximum diameter 2.4 m and the 
mass is between 6 and 7 tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 348 x 415 km, 92.21 min, 70.39 deg. 


USA 22-25, 1987-43A, E, F & G 
Launched: 1600, 15 May 1987 from Cape 
Canaveral AFS by Atlas H. 

Spacecraft data: Not available, but USA 22 
was the parent vehicle for USA 23, 24 & 25 
are probably joined together by several- 
kilometre-long wires. 

Mission: Ocean surveillance using radar 
Orbit: 1050x 1170 km, 107.5min, 63.4 deg. 


PROGRESS 30. 1987-44A, 17999. 
Launched: 0402*, 19 May 1987 from 
Tyuratam by A-2 

Spacecraft data: Soyuz derived design, 
having a near-spherical supplies compart¬ 
ment carring a rendezvous radar tower, a 
covered liquids tank section and cylindri¬ 
cal instrument unit containing batteries 
and a combined rocket motor/attitude 
control system. Length 7.5 m (including 
the docking unit), maximum diameter 2.2 
m and mass around 700 kg. 

Mission: Unmanned cargo vessel flying in 
support of the Mir space laboratory com¬ 


plex. It docked with Kvant's rear port at 
0553 on 21 May. 

Orbit: Initially 186 x 246 km, 88.76 min. 
51.63 deg, then manoeuvred to 343 x 366 
km 91.60 min, 51.63 deg for docking with 
Mir. 


COSMOS 1846, 1987-45A, 18004. 
Launched: 0915, 21 May 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. Overall length is about 6 
m, maximum diameter 2.4 m and the 
mass is between 6 and 7 tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 14 days. All or part of the 
payload was an Earth resources package 
operating underthe 'Priroda' programme. 
Orbit: 323 x 342 km, 91.25 min, 82.36 deg. 


COSMOS 1847, 1987-46A, 18011. 
Launched: 1340, 26 May 1987 from 
Plesetsk by A-2 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical, camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mision Military photo-reconnaissance 
over an extended period. 

Orbit: 169 x 346 km, 89.68 min, 67.16 deg, 
manoeuvrable. 


COSMOS 1848, 1987-47A, 18017. 
Launched: 1245, 28 May 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. Overall length isabout6 
m, maximum diameter 2.4 m and the 
mass is between 6 and 7 tonnes. 

Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 357 x 414 km, 92.30 min, 72.86 deg. 
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Infrared Space Observatory Flies High 



The European Space Agency (ESA) 
has decided that the Infrared Space 
Observatory satellite (ISO), expected 
to be launched in 1993, will now be 
placed in a 24 hour orbit rather than 
the 12 hour orbit originally planned, 
writes Dr. John Davies. 

The details of the new orbit are 
apogee 70,000 km, perigee 1000 km 
and inclination five degrees. The 
reason for the change is that in the new 
orbit ISO will spend nearly 75 per cent 
of its time outside the Van Allen radia¬ 
tion belts, which means that the effects 
of trapped protons and electrons on 
the sensitive infrared detectors will be 
much reduced. The reduced radiation 
background will in turn lead to a con¬ 
siderable improvement in the sensitiv¬ 
ity of the scientific instruments. 

Another benefit of the higher orbit is 
that ISO will spend less time close to 
the Earth, reducing the heat input to 
the cooled infrared telescope. This will 
reduce the rateatwhichthe vital liquid 
helium coolant boils away and means 
that the lifetime of the mission may be 
increased by two or three months. 

The disadvantage of the 24 hour 
orbit is that it requires the use of a dedi¬ 
cated (and hence more expensive) 
Ariane 4 launcher instead of sharing a 
launch with another satellite. 

To offsetthe extra launch costs, ESA 
will use only one ground station to 
communicate with ISO instead of the 
two stations originally intended. The 
loss of a ground station means that ISO 
can only be operated for about 14 
hours per day and that about eight 
hours of usable observing time per day 
will be lost (the remaining time is lost 
anyway since the satellite is in the radi¬ 
ation belts). 

The loss is considered acceptable 
because the 14 hours per day which a re 
available offer much better observing 
conditions than the 20 hours per day 
possible in the original 12 hour orbit, 
and the overall result will be an 
improved scientific return from the 
mission. In the meantime ESA is seek¬ 
ing an international partner to provide 
a second ground station. If such a part¬ 
ner can be found, the remaining eight 
hours of good quality observing time 
may yet be saved. 


This view of the ISO satellite showsthe relocated 
(the dark telescopes on the underside) which are 
satellite. 

There have also been other changes 
to the proposed design resulting from 
the switch of launch vehicle from 
Ariane 2 (which was the launcher on 
which the original mission concept 
was proposed) to Ariane 4. 

Most obvious is that the new design 
has done away with deployable solar 
panels in preference to placing the 
solar array on the satellite's Sun- 
shield, giving ISO a close resemblence 
to the earlier IRAS satellite. 


solar array, butnotthe new position of the star trackers 
now planned to be attached to the upper portion of the 

Aerospatiale 


Platform Accident Delays Launch 

NASA's last Atlas-Centaur rocket (AC-68) was damaged on July 13 at Kennedy 
Space Center when a service platform hit the Centaur stage's hydrogen tank, 
causing the tankto rupture and depressurise. There were no propellants on board. 

Four General Dynamics Space Division technicians suffered minor injuries as 
they left the area, KSC officials said. They were treated at the scene and released. 

The accident occurred as the service platform was being removed in prepara¬ 
tion for lifting the Centaur stage to troubleshoot a liquid oxygen leak. 

Launch of the Atlas Centaur, carrying Fltsatcom 8, had already been postponed 
to July 24 because of a liquid oxygen leak which the technicians bad been inves¬ 
tigating at the time of the accident. 


Japanese 
Satellite Data 
for Australia 

Images from the Japanese 
Marine Observation Satellite 
(MOS-1), launched on February 19 
(Spaceflight, April 1987 p.139), 
will be received directly by a new 
Australian ground terminal from 
next year. 

Under an agreement recently 
signed between the two countries 
a facility at Alice Springs will be 
modified for a six month series of 
experiments using MOS-1 data 
beginning in April. 

At present, stations receiving 
MOS-1 data are operating in 
Japan, Thailand and Antartica. 
The European Space Agency also 
receives direct images. 
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Commercial Orders for US Delta Rockets 


US Delta rockets built by McDon¬ 
nell Douglas will be used to launch two 
satellites for British Satellite Broad¬ 
casting, a London-based consortium 
that plans to establish a direct satel- 
lite-to-home broadcasting system 
covering the UK and western Europe. 

The Hughes-built satellites will be 
launched by commercially available 
versions of the Delta. The first of the 
satellite launches is scheduled for the 
third quarter of 1989, using a current 
model Delta. The second launch, a year 
later, will use the more powerful Delta 
il. 


Japan's Institute of Space and 
Astronautical Science (ISAS) plans to 
launch a Lunar probe, Muses-A, in 
1989 that will orbit the Moon. 

Since ISAS's first satellite launch in 
1970, payload capacity has been 
increased by simple increases of rocket 
length and the addition of strap-on 
boosters. With the planned Lunar 
launch, the maximum extension of 
present performance will be reached-, 
and subsequent interplanetary mis¬ 
sions will have to await the introduc¬ 
tion of a new launch vehicle in 1993, 


Inmarsat, the 48-member country 
cooperative that operates the satellite 
system used for global maritime 
mobile communications has signed a 
contract with McDonnell Douglas for 
the use of a Delta II to launch one of its 
second generation Inmarsat-2 satel¬ 
lites. 

Inmarsat currently leases capacity 
on nine satellites and has placed an 
order for three higher capacity satel¬ 
lites with an international consortium 
led by British Aerospace. The first of 
these is scheduled to be ready in 1988 
with a launch by Delta planned for 
December 1989. 


capable of placing two tons in low- 
Earth orbit, i.e. about three times the 
present payload. 

Before these plans can go ahead 
ISAS must first seek approval of 
Japan's Space Activities Commission 
to increase vehicle tail diameters 
above the 1.41 m limit imposed in 1970 
as a conditio^ for its operational inde¬ 
pendence from Japan's National 
Space Development Agency (NASDA). 
Interplanetary missions under consid¬ 
eration include a follow-up Lunar satel¬ 
lite and Venus atmosphere probe. 


"We have contracts for launches on 
the Shuttle but these launches will not 
now be available until the 1990s. We 
have contracts for Ariane but the 
scheduling of these launches is also 
uncertain," said Olof Lundberg, Inmar¬ 
sat Director-General. 

"This Delta launch will enable us to 
get Inmarsat-2 into orbit and in service 
at the earliest possible date," he 
added. 

★ ★ ★ 

McDonnell Douglas has been cho¬ 
sen by the Government of India, 
Department of Space, to launch a com¬ 
munications satellite. The mission, 
scheduled for the second quarter of 
1989, will be the first commercial Delta 
launch for McDonnell Douglas. 

The satellite, called Insat ID, is the 
fourth in a series of Indian communica¬ 
tions satellites and will be launched 
from Cape Canaveral, Florida. The first 
of the series, Insat IA, was launched on 
a Delta by NASA in 1982. 

Insat ID will provide national com¬ 
munications, meteorological observa¬ 
tion and television broadcast informa¬ 
tion for India. The satellite is being built 
by Ford Aerospace in California. 


Japan Reaches for Moon and Planets 


Space Shuttle Booster Tests Under Way 


A series of full-scale solid rocket booster test firing began 
at Morton Thiokol's Wasatch operations site on May 27. 

The first test (picture below) was not of the configuration 
to be used when Shuttle flights resume, but it provided data 
to help evaluate materials and engineering concepts which 


ultimately may be incorporated in the redesigned solid roc¬ 
ket booster (SRB). 

The 120 second burn in a horizontal test firing was the first 
full duration test firing of a Shuttle SRB since May 1985. First 
tests of the redesigned motor were due to take place in late 
August. 
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SHIFTING 

ORBITS 


ORBIT WHEN IT 
INTERSECTS 
COMET ARY. 
DISK 


ORBIT OF 
PLANETARY 
BODY 


COMETARY DISK 



The diagram shows the proposed orbital trackfor a tenth planet which is almost at right angles to the orbits 
of the other planets and intersects the cometary disk. 


Tenth 

Planet 

Mystery 

According to NASA scientist Dr. 
John Anderson, a tenth planet may 
exist beyond the known Solar System. 
If it does, it must travel in an orbit 
nearly at a right angle to the orbits of 
the known planets and be so elon¬ 
gated that it only nears the Sun and 
known planets every 700 to 1000 
years. 

His conclusion was first putforward 
in a book, "The Galaxy and the Solar 
System", published by the University 
of Arizona Press. It follows examina¬ 
tion of long-term astronomical mea¬ 
surements, together with the absence 
of gravitational effects of a tenth planet 
on the Pioneer 10 and 11 spacecraft. 
Pioneers 10 and 11 are in the far outer 
solar system and represent a uniquely 
sensitive measuring system for gravity 
effects. 

Astronomers have long sought a 
large planet or other object beyond the 
orbits of Neptune and Pluto. Data exist 
on orbits of the planets to indicate that 
some kind of celestial object has 
affected the orbits of the outer planets. 
Until 1978, that object was thought to 
be Pluto. However, Dr. James Christy, 
of the US Naval Observatory, found a 
moon around Pluto and determined 
that neither the planet nor its moon 
were massive enough to cause the 
long-observed waverings in the orbits 
of the outer planets. 

Anderson believes some other 
object must be responsible for these 
phenomena. He has reviewed many 
types of orbit measurements taken 
over a period of almost two centuries. 
His reinterpretations of these data now 
appear to show that, from the present 
back as far as 1910, all types of mea¬ 
surement techniques have failed to 
show any unexplained outer planet 
variations. This despite the fact that 
most orbit experts had long assumed 
that these well-known effects were 
continuing into the present century. 
Between 1810 and 1910, during which 
measurement techniques were com¬ 
parable to modern astronomical stan¬ 
dards, evidence for an additional solar 
system body was strong. 

Long time periocs are required to 
reach final conclusions about the very 
small effects on planet orbits because 
the outer planets take a very long time 
to orbit the Sun. Therefore, measure¬ 


ments of small position drifts in orbital 
arcs take decades. Uranus, for exam¬ 
ple, circles the Sun once every 84 years 
and Neptune once every 165 years. 

Anderson maintains that the best 
explanation for an object very likely to 
have been there for at least 100 years, 
and then disappearing is a "planet" on 
a greatly elongated orbit. His data also 
tends to strengthen the idea that some 
kind of tenth planetary body may have 
caused the cataclysmic comet impacts 
some scientists believe are responsi¬ 
ble for periodic mass extinctions, 
including that of the dinosaurs. 

The Pioneer spacecraft are good 
indicators of the gravitational pull of 
celestial objects because they generate 
almost no forces of their own which 
affect their trajectories. They are 
stabilised by their own spin, rather 
than the thrusts of control jets, and like 
tiny planets, they float free in the grav¬ 
ity fields of the solar system planets. 
Unexpected changes in their velocities 
would show the presence of an 
uncharted star or planetary object. 
Because their trajectories move them 
rapidly outward from the Sun and 
because of precise radio tracking, they 
are very exact gravity sensors. 

In three years of precise measuring, 
Anderson has found no gravitational 
effecton Pioneers 10 and 11 whichcan- 
not be explained by the known nine 
planets. His review of planetary orbit 
data appears to show that this has 
been the case for the past 75 years and 
that the data gathered between the 
17th and early 20th centuries, showing 
orbit irregularities, are valid. Oneofthe 
current theories, which he feels fits the 
data quite well, is that of a planet 
whose orbit is tilted at almost right 
angles to the orbits of the other 
planets. In one dimension, this orbit 
might be from 10 to 20 billion miles 
across. 


Dr. Anderson is principal investigator in 
celestial mechanics for the Pioneer spacec¬ 
raft and is located at NASA's Jet Propulsion 
Laboratory, Pasadena, California. 


Space-based 

Ultraviolet 

Observatory 

British Aerospace Space and 
Communications Division has 
been awarded a contract from the 
European Space Agency to lead a 
feasibility study into a space- 
based ultraviolet observatory. 

Work on the contract, worth 
£250,000 and lasting oneyear, will 
be undertaken at the Division's 
Bristol site in the UK. The obser¬ 
vatory, with a proposed launch 
date in the mid-1990s, will com¬ 
prise an Earth orbiting spacecraft 
carrying a grazing incidence tele¬ 
scope serving a set of ultraviolet 
spectrographs. 

The project is named 'Lyman' 
after the Harvard professor Theo¬ 
dore Lyman who pioneered inves¬ 
tigations into the far ultraviolet 
spectrum. Its aim is to explore 
ultraviolet emissions which are 
invisible to the human eye and 
which cannot be detected from 
Earth due to the filtering effect of 
the atmosphere. 

Operating in the largely 
unexplored lower ultraviolet reg¬ 
ions (100-2000 A range) the mis¬ 
sion will provide information on 
the chemical composition and 
physical characteristics of stars, 
galaxies and other celestial 
objects. 
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Has Manned 

Space Flight 

a Future? 



In 1986, a series of launch failures threw the West's programme of satellite launch¬ 
ing? and manned space flight into disarray. Not so with the Soviet space programme, 
which now shows a 10 year lead over NASA's in the practical utilisation of space. 

Questions arise and beg to be answered when plans go awry. Are East and West in 
a critical 'space-race', or does it not matter? Do we actually need a manned space 
programme? Or even a space programme at all? 

Recent statements in the press have implied that manned spaceflight is a waste of 
time and money. The counter-view is presented in this article by Dr. M.H. Harrison, 
who takes a look at what space has to offer and argues for its manned exploration. 


The Two Camps 

In the United States last year the 
loss of the Space Shuttle Challenger 
was quickly followed by failures of 
Titan and Delta rockets, and by the can¬ 
cellation of the Centaur upper-stage 
booster. In Europe, Arianefailedforthe 
fourth time in 18 launches. The seri¬ 
ousness of such a situation for the 
West's space programme was indi¬ 
cated by Jane's Spaceflight Directory, 
which put NASA ten years behind the 
Soviets in the practical utilisation of 
space. With the benefit of hindsight it 
seems that the American decision 
taken in the 1970s to abandon expend¬ 
able launch vehicles in favour of the 
Space Shuttle may have been mista¬ 
ken. It is certainly true that for many 
years opponents of the manned space 
programme have been arguing that 
the Shuttle is too complicated and too 
expensive, and that unmanned spacec¬ 
raft can perform many of the tasks 
which were to have been performed by 
the Shuttle - for example, launching 
satellites. 

In a recent article in "Scientific 
American" [1], written before the loss 
of Challenger, James Van Allen 
described as a "slaughter of the inno¬ 
cent" 17 research programmes which 
had been cancelled or postponed 
because extra funds were needed to 
support the development of the Space 
Shuftle. So far, the Shuttle has cost the 
American tax payer 30 billion dollars 
and m the decade from 1975 the cost of 
launching the Shuttle rose by 80 per 
cent, to approximately $34,000 per kg 
of payload - too much for commercial 
ventures otherthantelecommmunica- 
tions. An astronaut's time has been 
costed at $6,000 per minute! 

It is hardly surprising that, in post- 
Challenger America, supporters of the 
manned space programme are having 
a difficult time. This beleagued group 
has, however, recently received some 

Diverse manned and unmanned sys¬ 
tems work together in this dramatic 
artist's impression of activity around 
the planned international manned 
space station in low-Earth orbit. TRW 


much needed support from the Presi¬ 
dentially-appointed "National Com¬ 
mission on Space". In its report enti¬ 
tled "Pioneering the Space frontier: 
Our Next 50 Years in Space" {Spacef¬ 
light, May 1986, p.194), the Commis¬ 
sion has put forward ambitious, some 
would say visionary, proposals for 
restoring and maintaining America's 
leadership in space. These include 
spaceports, lunar bases and the explo¬ 
ration of Mars. The Commission 
emphasised the crucial need to reduce 
dramatically transport costs to low- 
Earth orbit and strongly endorsed 
NASA's planned manned space sta¬ 
tion. 

"A human crew can make the dif¬ 
ference between not just the suc¬ 
cess or failure of ai\ experiment, 
but between the success or failure 
of a mission." _ 

Equally powerful support for the 
manned space station has come from 
the Business-Higher Education forum. 
This independent group has published 
a report, "Space, America's New Com¬ 
petitive Frontier", which describes the 
Station as "the centrepiece of 
America's space infrastructure for the 
next decade". Conservative estimates 
put the cost at $8 billion, but this does 
not include running costs, which few 
seem prepared to talk about, and 
which could easily exceed $30,000 per 
hour. As for the proposals of the 
National Commission on Space, these 
would require between $700 and $800 
billion dollars if implemented in full. 

Figures such as these can make 
even the most ardent space enthusiast 
hesitate, especially when it is realised 
that a substantial proportion of these 
colossal sums arisesfromthe declared 
requirement to support a human pre¬ 
sence in space. The question that has 
to be asked is whetherthat human pre¬ 
sence is really worth the cost involved; 
in those immortal words from Star 
Trek, should we "boldly go"? Or, to 
extend the question further, is it worth 
investing in space at all? 


The Worth of Space 

The answers to these questions 
depend to a great extent upon what is 
meant by "worth". In a strictly com¬ 
mercial sense, worth means receiving 
a profitable return on an investment. 
Defined in this way, the best example 
of space technology which has so far 
achieved economic viability is tele¬ 
communications. But worth may also 
be reasonably regarded as including 
social, cultural, and humanitarian 
benefits. In which case other more 
speculative, and at present non-profit- 
able, areas of space technology, such 
as remote sensing and specific applica¬ 
tions of the microgravity and vacuum 
environment of space, may be emi¬ 
nently worthy of investment. Indeed, 
these areas could eventually become 
economically viable too. Unfortu¬ 
nately, however, there are no guaran¬ 
tees that this will be so, and that is the 
problem. 

For the two 'super powers' guaran- 
teeg are unnecessary. The military 
implications of achieving superiority in 
space are such that one side cannot 
afford the risk of being left behind by 
the other - hence the emotive descrip¬ 
tion in Jane's of the present Soviet lead 
as "almost frightening". Military con¬ 
siderations are much less important 
for countries like the UK, France, Ger¬ 
many, and Japan, and yet they too are 
taking both remote sensing and mic¬ 
rogravity applications very seriously. 
The reasons are not hard to identify. 
Using remote sensing, a spacecraft can 
provide in a few seconds as much 
information about an area of the 
Earth's surface as 25 high-altitude air¬ 
craft. This information can have wide¬ 
spread applications for agriculture, 
forestry, geology, hydrology, and 
oceanography, as well as for more 
familiar meteorology. Remote sensing 
can improve land uitilisation, both 
rural and urban; it can locate oil, min¬ 
eral, and water reserves; it can identify 
and follow pollution, potentially 
dangerous weather patterns and dis¬ 
ease infestations of crops. 

The microgravity environment of a 
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Above left: Cosmoneut Vladimir Djan films an experiment conducted by Alexandre 
Ivantchenko and Frenchman Jean-Loup Chretien on Salyut 7. Chretien, who is due to visit 
Mir next year, is also pictured above. 

Left: Syrian Mohammed Faris with Valdimir Titov. Faris recently visited the Soviet Mir 
Space Station with cosmonauts Victorenko and Alexandrov. 
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space vehicle can be utilised for the 
refinement of biological materials, 
leading to improved treatments for a 
wide variety of medical conditions; it 
can be utilised for the production of 
superior semi-conductors for use in 
ultra-fast computers; it can be utilised 
for the production of materials of 
superior strength, shape, structure, or 
with superior insulation characteristics 
- materials which will have applica¬ 
tions ranging from high performance 
aircraft to home construction. 

It might reasonably be concluded, 
therefore, that remote sensing and 
microgravity applications are 
technologies well worth pursuing. 
Unfortunately, in economic terms, 
these are both speculative 
technologies - although remote sens¬ 
ing less so than microgravity applica¬ 
tions. To make matters worse, there is 
a very long lead time for investment. 
Although satellite communication sys¬ 
tems achieved economic viability fairly 
rapidly, remote sensing still has to 
show a commercial pay-off after nearly 
two decades of investment. There is 
every reason to believe that it will take 
far longer than this before factories in 
space are producing materials which 
can be sold at a profit. No commercial 
organisation would be prepared to 
commit the vast sum of money needed 
to support a microgravity research and 
development programme over that 
length of time when there is no guaran¬ 
tee of a viable product at the end. 
Which is precisely why at present 
much of the financial support for mic¬ 
rogravity research is coming not from 
industry but from governments. This is 
inevitable and essential. If it is consi¬ 
dered to be in the national interest to 
support risky space technologies, then 
that support requires a policy of 
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Impression of how a Space Station laboratory module may look. The astronaut to the left is working i n a 
commercial processing area, the two astronauts in the centre are at a general work station and a fourth 
astronaut (far right) enters the laboratory from a tunnel connecting it to another module and the Space 
Shuttle. Boeing 


national investment. Without such a 
policy,theUSAwould nothaveaspace 
programme at all. And Britain would 
not be the world's third largest man¬ 
ufacturer of communication satellites 
(after the USA and the USSR), since the 
UK satellite industry was born from the 
national satellite programme. 

Nationally funded research and 
development programmes are not 
without their disadvantages, the worst 
of which is that they are highly vulnera¬ 
ble to changes in the political climate, 
and in particular to that eternal conflict 
between policy and the cost of imple¬ 
menting policy. This is especially true 
of support for space technology, which 
is so very expensive and which takes 
so long to produce anything useful - or 
even usable! Britain discovered this in 
1960, and again in 1971, when national 
economic constraints forced the can¬ 
cellation first of the Blue Streak and 
then of the Black Arrow launchers. 

Ironically, just four years after the 
demise of Black Arrow, the European 
Space Agency was formed precisely in 
response to a general recognition that 
no European country could afford a 
large space programme entirely on its 
own. This organisation, despite the 
diverse political, social and technologi¬ 
cal ambitions of its members, has 
proved remarkably successful. Europe 
can now afford to invest in 
technologies which are perceived as 
'high risk', but which might lead to that 
elusive commercial crock of gold. 

Even with international collabora¬ 
tion the exploitation and exploration of 
space remains a very expensive busi¬ 
ness; the ESA budget for 1986 was 
$759 million. Put in perspective, how¬ 
ever, this is equivalent to only 0.04 per 
cent of the total gross domestic pro¬ 
duct of the member countries, and 
compares with the 0.2 per cent com¬ 
mitted by the United States. Neverthe¬ 
less, there are some who would still 
argue that this money could be better 
spent; for example, by investing in ter¬ 
restrial technologies more likely to 
have an immediate effect on reducing 
unemployment within Europe. While 
one may applaud this sentiment, polit¬ 
ical and economic realties make any 
such altruistic action highly unlikely. It 
should be remembered that invest¬ 
ment in space is but a tiny fraction of 
investment in national defence prog¬ 
rammes. Just as weapons of war can¬ 
not be 'disinvented', so space will not 
go away. Also, both space and defence 
are big employers of people. But the 
cynics might further claim that all there 
is to show for 30 years of investment in 
space are a few lumps of Moon rock, 
and non-stick frying pans! So why 
bother? 

Space Benefits 

Quite apart from the tremendous 
geological importance of what were 
actually hundreds of pounds of Moon 
rock, and ignoring the culinary bliss 
afforded to countless millions by cook¬ 


ing pots that stay clean, space has 
affected and changed the lives of virtu¬ 
ally every man, woman and child on 
this planet. It is all too easy to forget 
how exciting those words "live by 
satellite" once were. In just three 
decades communication satellites 
have tied the world together, creating a 
"global village". Whether these satel¬ 
lites are used for conducting business, 
for education, or for data and informa¬ 
tion transfer, mankind benefits. 

International telephone, telex and 
television are now a part of our lives 
that we easily take for granted, and yet 
they each depend to a great extent on 
communication satellites. Letters and 
documents can be 'sent' over 
thousands of miles in less than two 
minutes. Instant communication 
means instant information. From 
medicine to politics, and from big busi¬ 
ness to entertainment, that means a 
safer, happier, and more prosperous 
world. And while optical-fibre cables 
may soon rival satellites in some areas 
of communication, in others such as 
point to multipoint links, data services, 
and mobile communications, satellites 
will remain pre-eminent. 

Travel is made safer because of 
satellites, with the near-reality of point 
navigation anywhere on Earth's sur¬ 
face to an accuracy measurable not in 
kilometres, but in metres. Travel is also 
made safer because of the meteorolog¬ 
ical satellites which can track and 
monitor severe weather conditions, 
and the communication satellites 
which permit shipping and aircraft to 
be quickly notified of danger, and 
routed elsewhere. Already, many 
thousands of lives have been saved as 
a result of timely warnings, provided 
by orbiting weather satellites, of hur¬ 
ricanes, floods, and other natural dis¬ 
asters. 

Neither can the scientific satellites 
and unmanned planetary probes, dedi¬ 
cated to seemingly abstruse and exotic 
studies, be discounted from the sum 
total of benefits accruing from invest¬ 
ment in space. In 30 years these 
spacecraft have provided more know¬ 
ledge about the Universe than had 
been obtained in the preceding three 
centuries. This knowledge may seem 
to be of little practical use - yet. But it is 
proving to be of inestimable scientific, 
and indeed philosophical, significance. 


For it impinges upon the most funda¬ 
mental questions of our existence: 
how did we get here?; where did we 
come from?; are we alone? Nor should 
it be forgotton that it is the gradual, 
slow accretion of knowledge that sud¬ 
denly leads to technological break¬ 
throughs which can benefit mankind. 
The search for knowledge can itself be 
regarded as a justification for going 
into space. 

No matter how apparently persua¬ 
sive the argument, the opponents of 
space exploration will probably remain 
convinced that it is all a waste of time 
and money. But a comment made by 
Max Planck in his "Scientific Autobiog¬ 
raphy" is particularly pertinent; "A 
new scientific truth does not triumph 
by convincing its opponents and mak¬ 
ing them see a new light, but rather, 
because its opponents eventually die, 
a new generation grows up that is 
familar with it." 

Adults now approaching middle 
age were at school when the first satel¬ 
lites were launched; adults in their 
twenties were young children when 
Neil Armstrong first set foot on the sur¬ 
face of the Moon. To them 'space' is a 
fact of life. The Challenger tragedy has 
shown, however, thatthe human occu¬ 
pancy of space should not be taken for 
granted. Furthermore, even some of 
the most powerful proponents of 
space exploration point out that most 
of the benefits from space investment 
have came from the unmanned sector 
of the space programme - from com¬ 
munication satellites, meteorological 
satellites, and other remote sensing 
satellites. Is it really necessary, then, 
for human beings 'to boldly go'? 

The Human Presence 

Because the unmanned space prog¬ 
ramme has so far proved to be more 
economically productive than the 
manned space programme, it does not 
necessaily follow that this will remain 
the position in the future. Just as there 
are now those who foresee no useful 
purpose for man in space, a little over 
30 years ago there were those who 
foresaw no practical use for artifical 
satellites. Present opposition to man in 
space is centred around the proposed 
space station, which, according to 
James Van Allen, "... will seriously 
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diminish the opportunities fcfr advanc¬ 
ing space science and technology if it 
proceeds as planned" [1], He goes on 
to claim that "most national goals in 
space are better realised by robot 
spacecraft". Within the terms of his 
definition of "space science and 
technology". Van Allen is probably 
correct; to quote him again; "The sub¬ 
stance of space is best thought of as a 
.... mixture of the traditional disciplines 
of astronomy, geology, geophysics, 
and oceanography." [1] 

These are all disciplines for which 
objectives can usually be better 
achieved by machines than by human 
beings. But what about those other 
traditional scientific disciplines - 
chemistry, physics, and biology? In the 
same way that astronomy has bene¬ 
fited from observations made from 
beyond the Earth's atmosphere, so 
these basic sciences can benefit from 
the unique environment provided by a 
spacecraft - the virtual absence of grav¬ 
ity, the vacuum, the extremes of temp¬ 
erature, and even the radiation. Of 
these, the absence of gravity is poten¬ 
tially (and commercially) the most 
important. All physical and biological 
processes are influenced, to a greater 
or lesser extent, by gravity. Knowledge 
of what happens to these processes 
when gravity is absent could have far- 
reaching implications and applica¬ 
tions. This knowledge can only be 
gained be research - research that has 
to be carried out by humans in space. 

James Van Allen is unconvinced by 
the potential applications of microg¬ 
ravity. He refers to a study by the 
American National Research Council 
(NRC) which showed that prospects for 
commercially viable products have 
"no convincing foundation commen¬ 
surate with the costs of space flight", 
and that microgravity research has so 
far yielded only meagre results. Both of 
the NRC's claims are true. What is also 
true is that the current state of microg¬ 
ravity applications is comparable to 
that of telecommunictions 30 years 
ago, and of remote sensing 15 years 
ago. Thirty years from nowit is reason¬ 
able to predict that the costs of space 
flight will be lower than at present. 
Only meagre results have been 
obtained because only meagre 
facilities have been available. The 
Space Shuttle is an inadequate vehicle 
for evaluating the potential commer¬ 
cial applications of microgravity. 
Flight, and therefore experiment times 
are too short; the microgravity envi¬ 
ronment is unstable; and the stresses 
of re-entry highly disruptive, the 
technological value and commercial 
utility of microgravity will only be 
determined by rigorous studies follow¬ 
ing traditional scientific principles of 
research and development. Certainly 
the overly-complex, one-off experi¬ 
ments that have typified the approach 
to microgravity so far may do more 
harm than good; the chances of failure 
are high, and failure merely proves the 
sceptics right! It is entirely possible 
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that microgravity will not revolutionise 
materials processing and will not lead, 
in the words of President Reagan, to 
"medical breakthroughs beyond any¬ 
thing wehave dreamed possible" [2]. It 
is equally possible that it will. But with¬ 
out a human presence in space we 
shall never know. The enthusiasm with 
which the Soviets are pursuing their 
manned space programme suggests 
that perhaps they do know!. 


'The search for knowledge can 
itself be regarded as a justification 
for going into space.' 


The original conception of thespace 
station as a "hands on laboratory, 
primarily in materials and life sci¬ 
ences" [3], seems to have become 
somewhat blurred of late. Neverthe¬ 
less, the fact remains that it is science, 
and basic science at that, which stands 
to gain mostfroma manned space sta¬ 
tion. However, scientific research is not 
the only justification for having a 
human presence in space. As has been 
repeatedly demonstrated during 
Apollo, Skylab, and more recently 
Shuttle missions, a human crew can 
make the difference between not just 
the success or failure of an experiment, 
but between the success or failure of a 
mission. ' 

The last minute change to the 
Apollo 11 lunar touchdown site, the 
saving of the Skylab space station, and 
the repair of the "Solar Max" satellite 
during Shuttle mission 41C are just 
three of many examples. Humans can 
respond to unforeseen emergencies 
and perform contingency activities; 
they can deploy, operate, repair and 
improve equipment; they can monitor 
in real time and take advantage of 
unexpected opportunities for research 
and measurement. Humans are adapt¬ 
able, versatile, and flexible. They can 
improvise and evaluate. But they also 
exhibit one fundamental disadvan¬ 
tage; to do all ofthesethingsthey have 
to be protected against an environ¬ 
ment that is overwhelmingly hostile. 
Which is why the manned space prog¬ 
ramme is so expensive. Protection is 
required against the vacuum, tempera¬ 
ture extremes, and radiation hazards of 
space. Survival depends upon the pre¬ 
cise regulation within the spacecraft of 
environment parameters such as oxy¬ 
gen, carbon dioxide and water vapour. 
Food has to be provided, and human 
waste products removed. The absence 
of gravity leads to a progressive 
atrophy of skeletal, and perhaps heart 
muscle, while bones become brittle 
from loss of calcium. 

Machines exhibit noneof these dis¬ 
advantages. There is no doubt that of a 
fnachine and a man performing the 
same task in space, the machine is by 
far the most cost effective. Herein lies 
the greatest strength of the 'unmanned 
lobby'. For in general, the value of man 
has been consistently exaggerated, 
while the Utility of machines has been 


underrated. The Apollo programme is 
a good example - a robot craft could 
have brought rocks back from the 
Moon, albeit not so selectively and 
only from the surface. The Shuttle is 
another example. As the Rogers' Com¬ 
mission has observed, the Shuttle was 
built as a vehicle to serve many roles, 
and as such it became excessively 
complex, expensive and technically 
demanding to operate. It is so expen¬ 
sive that unsubsidised payload costs 
probably exceed equivalent costs for a 
non-recoverable launcher like Ariane. 
For launching satellites, arguably the 
most important aspect of the entire 
space programme at the present time, 
the Shuttle is an expensive luxury. The 
Shuttle should be used just for those 
jobs for which a human presence is 
essential. 

It is certain that with future 
advances in the fields of robotics and 
artifical intelligence many tasks pre¬ 
sently envisaged for astronauts will 
either become greatly modified, or will 
disappear altogether. For example, 
some types of construction work will 
be greatly facilitated by the develop¬ 
ment of telepresence, in which a 
remote operator performs normal 
human functions guided by sensory 
feedback from the work site. However, 
despite extravagant claims to the con¬ 
trary, robotics and artificial intelligence 
are still at a very early stage of develop¬ 
ment. It is difficultto imagine machines 
performing anything other than the 
most simple and basic of tasks for 
many years to come. 

Of course, both the proponents and 
the opponents of the manned space 
programme raise valid points. Com¬ 
mon sense will almost certainly pre¬ 
vail; space will be explored, and 
exploited, by humans and machines 
working together. While the Space 
Shuttle may represent an expensive 
overstatement of the need for a human 
presenceTn space, it has also shown 
that there is a need. In the final 
analysis, however, it will not be 
rational argument that wins the day. 
Man in space is not a means to an end, 
but an end in itself. Man will go into 
space because, in American parlance, 
it is a new frontier waiting to be tamed. 
If the ability to tame this frontier has 
come to epitomise national virility and 
technological superiority the challenge 
is no different, and arguably no more 
dangerous, than that which has excited 
all explorers from ancient times to the 
present day. The reasons are the same 
too: a search for knowledge; a need for 
new resources; possibility of commer¬ 
cial opportunities; and curiosity. 
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FROM A DIFFERENT PERSPECTIVE 

- Astronaut 35 mm EVA Photography 

On each Space Shuttle EVA (ex- a photo essay by Joel W. Powell 

cept forthe unplanned excursion on 
51D) US spacewalkers have taken 
along a 35 mm Nikon camera to 
document their assigned activities. 

As evidenced in the accompanying 
photographs, the pictures offer a 
unique glimpse into the EVA experi¬ 
ence from the perspective of the 
participant. 

Above: The curve of the Earth's surface and 
the black of space provide an exotic backdrop 
for the first service call in space, the repair of 
the Solar Maximum satellite in April 1984. 

Astronaut van Hoften operates a specially 
built power tool to remove the faulty attitude 
control module while supported by the 
Canadarm. 

Above right: The face of David Leestma is 
clearly outlined against the distant Earth 
through his tinted helmet visor in this fine 
study of a spacewalking astronaut by partner 
Kathy Sullivan. The duo were operating an 
orbital refuelling experiment located at the far 
end of Challenger's payload bay, October 
1984. 

Right: Robert Stewart took this evocative 
picture of Bruce McCandless flying the MMU 
during the second 41B EVA in early 1984. 

McCandless is practising the trunnion pin cap¬ 
ture manoeuvre with the attached T-Pad 
device for the planned Solar Max repair mis¬ 
sion. 











Above: With two EVA crewmen visible, who took the 
picture? An automatic camera aboard the captive SPAS 
platform in the payload bay exposed this scene during 
the first EVA on mission 41B. Bruce McCandless (left) 
prepares to don the Manned Manoeuvring Unit (MMU) 
as Robert Stewart (right) stands by. The starkness of the 
scene reflects the harsh lighting conditions of open 
space. 


Left: Astronaut Dale Gardner celebrates the recovery 
of two errant satellites in this marvellously detailed 
photograph by Joe Allen (mirrored in Gardner's sun 
visor) who was supported by the Canadarm. Ironically, 
the two satellites retrieved in November 1984 by the 
orbiter Discovery could be re-launched in the near 
future with Chinese expendable launch vehicles. 
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Above: From the manipulator foot restraint at the end of the Canadarm. James van Hoften snapped this picture of his partner William Fisher during the second 
of two satellite repair EVA's during mission 511 in September 1985. According to US astronaut Joe Allen the cherry-picker position on the Canadarm is a precarious 
one - he had the distinct impression that he would fall should the foot restraints fail. The sensation of motion was also enhanced when riding the arm. Watching 
the Earth roll by beneath the orbiter was not unlike watching the scenery from a train while riding on the front end of the locomotive. 



Right: Against the 
background of the 
Earth, James van Hof¬ 
ten works to remove 
the failed attitude con* 
trol module of Solar 
Max. The rejuvenated 
spacecraft still func¬ 
tions perfectly more 
than three years later. 
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Sleeping while standing would 
be uncomfortable for Boeing 
technician Dana Thomas but 
there is no up or down in space. 
Aboard the International Space 
Station, weightlessness will be 
a way of life for the astronauts 
living and working in the 
laboratory and habitation mod¬ 
ules. Seen behind Thomas in 
this full-scale mockup of the 
crew quarters is her personal 
effects bag. To the left, Boeing 
engineer Phil Hedges works at 
the terminal in his privacy area. 
Storage compartments are 
seen above and below the com¬ 
puter, and a stereo headset is 
seen to its right. 

Boeing Aerospace 


This artist concept of the per¬ 
manently manned Space Sta¬ 
tion (below) focuses on the 
pressurised modules where 
crews will work and live. 
Resource nodes connect the 
laboratory and habitation mod¬ 
ules together. Two crewmen 
inside the cupola atop the right- 
hand resource node control the 
Canadian provided Space Sta¬ 
tion co-orbiting platform which 
flies in tandem with the man¬ 
ned base. An orbital manoeuvr¬ 
ing vehicle is shown flying out 
toward the platform where it 
will rendezvous, attach itself 
and bring the platform back to 
the manned base for servicing. 
At the bottom of the photo, a 
Space Shuttle Orbiter prepares 
to dock with the manned base. 
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- Manned Space Flight - 

Space Culture in the Making 

Dr. Philip R. Harris, co-investigator of the Living-Systems Project, California Space 
Institute, writes about research now underway that will help to shape space culture 
in the 21st century. 


Manned missions are expected to 
be of increasingly long duration in the 
coming years. Already the first perma¬ 
nent space station is in operation and 
cosmonauts Yuri Romanenko and 
Alex. Alexandrov are on schedule to 
achieve a record-breaking flight dura¬ 
tion when they return to Earth at the 

Fig. 1. Human factors i n space development. 
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end of the year. The setting up of a 
lunar outpost or Mars base will further 
extend manned missions to several 
yearsduration. In time, largernumbers 
of more diverse people will be living in 
space. Inevitably, the human factors 
that dominate our Earth-bound society 
and culture will arise in space. Fig. 1 
identifies 10 areas where issues can be 
expected to contribute to 'Human Fac¬ 
tors in Space Developments' and 
where research is needed to pave the 
way for the long-term future of space 
exploration. 

The Living Systems Project at the 
California Space Institute (Cal Space) is 
now addressing the issues of Fig. 1. It is 
analysing the impact of living aloft [2] 
upon human culture in general and the 
creation of a space-based culture in 
particular [3]. A start has been made 
based on experiences and evidence 


from current activities, both in Space 
and on Earth. For example, the reaction 
of individuals living in and returning 
from outer space (termed culture 
shock [4]) may be studied and 
alleviated by knowledge gained from 
psychological reactions and findings 
relative to living in remote, alien and 
hostile environments as well as from 
the limited space flights to date. 

To limit culture shock, a system of 
preparation and support for space per¬ 
sonnel is being designed called SPDS 
(Space Personnel Development Sys¬ 
tem). Fig. 2 illustrates a scheme 
developed by the writer which encom¬ 
passes four phases: 

1. Assessment, including recruitment 
and selection of candidates for 
space assignments. 

2. Orientation for life beyond this 


Fig. 2. A space personnel 
deployment system. Person¬ 
nel flow to and from orbit. 


Moon 



4 . Re-Entry 

Preparation, debriefing, 
& counseling of 
spacefarers. 

(Coming home to Earth) 


SPACEFLIGHT. Vol. 29, September 1987 


333 








Space Station astronauts orbiting Earth 200-300 miles away from the nearest physician will have to rely on e clinic, such as the one in this Lockheed concept, for 
diagnosis and care until a Space Shuttle 'ambulance' can return them to Earth. 

A Lockheed Missiles & Space Company biomedical engineer uses a full-scale mockup of a Health Maintenance Facility in Sunnyvale, California, to study the 
layout and 'fft\ The main goals for the facility are to monitor the health of the astronauts; to treat injuredend ill crewmembers successfully; and to minimise the 
effects of astronaut physiological deconditioning as a result of 90 days of exposure to microgravity. 

The facility will be required to provide 'critical care' for one crewmember foe up to several weeks before transport to Earth. When none of the six crewmembers 
is ill or injured, the facility would continue to provide routine monitoring and exercise for the entire crew. Lockheed 


planet, both technical and cross-cul¬ 
tural learning. 

3. On-site support services and 
monitoring of personnel. 

4. Re-entry policy and programme to 
facilitate return to living back on 
Earth. 

In the course of this work, the fol¬ 
lowing strategies are proposed for the 

design of SPDS: 

ft A survey of astronauts who have 
actually lived in space, albeit for 
very short times, to forecast future 
trends and needs based upon that 
limited experience of the relatively 
few “experts" alive. 

• A review of-literature and findings 
on terrestrial living in exotic envi¬ 
ronments, such as is involved in 
foreign relocation, offshore rigs, 
nuclear submarines and polar reg¬ 
ions, particularly the Antarctic. 

0 An extensive compilation of 

research data and insights relative 
to extraterrestrial habitation, 

including Soviet Space Station 
analogs. 

ft The development of a system for 
the organisation of project data, and 
to identify possible improvements 
in the functioning of both living and 
mechanical systems on the Space 
Station. 


With an expanding human presence 
in space, the next 25 years affords 
unique opportunities for investiga¬ 
tions and data-base collection on such 
dimensions of space culture as sense 
of self or identity in outer space; adap¬ 
tations in communication and lan¬ 
guage, dress and appearance, food 
and feeding habits, time and time con¬ 
sciousness, relationships and family, 
values and norms, customs and tradi¬ 
tions, mental processes and learning, 
work habits and practices. 

To prepare now for improved per¬ 
formance by larger numbers of more 
diverse people living for longer 
periods of time in space, the Cal Space 
investigations, under the leadership of 
Dr.James Grier Miller, are focusing on 
experiments related to the Space Sta¬ 
tion, which are seen as a prototype for 
future extraterrestrial settlements. 
This research on space habitation 
originated as part of a NASA spon¬ 
sored summer study in 1984 at Cal 
Space which coordinates all space 
research for the University of Califor¬ 
nia [5]. 

Before mass migration of humans 
in orbit, the planned international 
space station to be constructed by 
NASA is an ideal laboratory for study 
of space habitation and deployment 
issues. Apart from the astronauts 


themselves, the space voyagers there 
will include a variety of mission 
specialists, contract workers or techni¬ 
cians and VIPs. Who will or should go 
aloft to the station (male and female, 
civilian and military, Americans and 
other nationals/cultures, technical and 
non-technical types, etc.)? How will 
they be supported to ensure survival 
and quality of space life (physically, 
psychologically, socially and finan¬ 
cially)? What guidance and assistance 
will be provided to these space travel¬ 
lers and their families, not only prior to 
launch and while in orbit, but prior to 
re-entry and after returning to Earth? 
Research into such questions has long 
term implications for the furtherance 
of cooperation among space dwellers 
and inhabitants of the home planet (6). 
By studying space deployment issues 
now, humankind can prepare more 
intelligently for the time when perma¬ 
nent human communities are estab¬ 
lished elsewhere in the Solar System. 
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Space Plan Humiliation 

Sir, I am sure I echo the feelings of most of the space com¬ 
munity in rushing to pay tribute to the valiant efforts of Mr. 
Roy Gibson and Sir Geoffrey Pattie, MP, in promoting an 
exciting, yet realistic, future for space developments in Bri¬ 
tain. 

It is all the more appalling that, after nearly two years of 
diligent work, and after studying the space plan for over one 
year, the Prime Minister has elected to veto any increase in 
UK space expenditure. 

Apart from the danger of accelerating the "brian drain" 
and ensuring (asusual!) that a pioneering concept like Hotol 
is likely to be built by some other country without our 
involvement, we have shown to our ESA partners that this 
country is not to be taken seriously in any collaborative pro¬ 
ject which might take time or cost money. Thus our "stock" 
as a European partner is likely to suffer dramatically. 

At a time when cosmonautics is increasingly becoming an 
arm of Soviet diplomatic and foreign policy as well as an 
economic and industrial matter, this country faces the 
further humiliation of establishing a National Space Centre 
■ and an Institute of Space Biomedicine for collaboration with 
the USA and USSR, and then refusing to provide funds for 
even a half-way reasonable space programme. 

Increasingly, matters of foreign and diplomatic policy are 
going to involve astronautics through intelligence and 
resource data gathering, communications and perhaps 
energy production or even waste disposal and peace keep¬ 
ing. Regrettably perhaps in world affairs, to have a voice in 
the councils of nations, you must have a visible presence and 
expertise.The country's interests and opinions (for example, 
in future ESA launches, etc) will therefore count for less- not 
so much on merit but because as the French will say, we are 
not "hommes serieux". 

Astothe long-term need for humanity to expand into the 
frontier of space and evolve away from the increasingly pre¬ 
carious habitat on one planet, I am sure that I am not alone in 
deploring the denial of opportunity totheyouth of this coun¬ 
try to participate in this great adventure; as the home of so 
many nautical pioneers and discoverers, England will have 
sunk low indeed. 

It is a shameful decision based on short-term and largely 
false expendiency, and I hope that this Society will say so 
loudly and clearly. We should not leave it to history! 

Dr. MICHAEL MARTIN-SMITH 
Hull, England 

The Mills Observatory 

Sir, Thank you for printing Stephen Ashworth's inspiring let¬ 
ter on the significance of the Apollo missions ( Spaceflight, 
August 1987 p.298). It rekindled in me the sense of excite¬ 
ment I felt back in the 1960's, which had somehow faded 
away over the past years. 

Incidentally, Stephen Ashworth refers to Thomas Dick's 
book The Solar System, a copy of which was donated to the 
BIS by Peter Mills ( Spaceflight, June 1987, p.252). Dick was a 
native of Dundee and stated among his many writings that 
every city should have public parks, public libraries and a 
public observatory. A young co-religionist of Dick's called 
John Mills (any relation?) took this to heart; when Mills died 
in 1889, he left his fortune to the city to build a public obser¬ 
vatory. 

Nowadays over 15,000 people a year visit the Mills Obser¬ 
vatory to witness - in the words of its dedication - "the won¬ 
der and beauty of the works of God in Creation". Even if few 
of them believe in a conventional Creator-God, they still feel 
that sense of awe and delight-which is surely what will send 
future generations of humanity out into the Universe to 
experience that "wonder and beauty" for themselves. 

Dr. FIONA VINCENT 
Mills Observatory, Dundee 


Space Rationale 

Sir, While largely agreeing with Stephen Ashworth's long 
letter on the historical significance of Apollo, I would like to 
add another adverb to his statement "To grow means to 
expand - geographically, technologically and culturally". I 
would suggest that one ought to add "spiritually" despite 
Mr. Ashworth's statement that "in general space-age man 
does not seriously believe in a benevolent Creator-god". 

At present mankind is totally unfit to be poking its nose 
into other people's business in other solar systems-but that 
is what we should be aiming for, eventually. To make ourse¬ 
lves fit for such a venture we need, amongst other things, 
humility, which has been sadly lacking of late - hence Chal¬ 
lenger, Chernobyl, etc. The Greeks had a word for it-hubris 
(overweening pride) which, they said (speaking no doubt 
from experience!) led to disaster. 

We have to learn to see ourselves as an integral part of the 
Universe, relatively insignificant, yet with a responsibility to 
treat with care that over which we have power. It is an 
attitude that is pretty close to being religious, in the best 
sense, owing nothing to beliefs. Newton, at least, had the 
humility to realise that he was a mere dabbler in the vast¬ 
ness. Modern scientists would do well to cultivate the same 
attitude. The best reason of all for launching out into space is 
neither political nor economic. It is "because it is there". 

JOHN ALLISON 
West Midlands, UK 


Space Photography 

Sir, The article "Man's Role in Space Exploration and Exploi¬ 
tation" by Jospeh P. Loftus ( Spaceflight , June 1987, p.240) 
was most interesting. Mr. Loftus effectively shows the issues 
which must be considered for future manned space explora¬ 
tion. 

tn the article there is a beautiful photograph of the Space 
Shuttle Challenger taken a distance from the vehicle. The 
caption identifies it as a photograph taken by an "astronaut 
using the Manned Manoeuvring Unit", but as pointed out in 
previous correspondence ( Spaceflight, August 1987, p.300) 
it was taken by a remotely controlled Swedish Hasselblad 
camera aboard the German SPAS-01 shuttle pallet satellite 
(manufactured by Messerschmitt-Boelkow-Blohm). This 
satellite was released from the STS-7- payload bay and later 
retrieved for practice in deploying and capturing satellites 
using the Canadian Remote Manipulator System arm (note 
that the arm is positioned to form>a "7", for STS-7). The cam¬ 
era was similar to those used by the Apollo astronauts, com¬ 
mercially designated the Hasselblad 500EL Data Camera. 
The camera mounts a Reseau plate for photogrammetric 
use, shown as the cross marks in the photograph. 

The photograph of astronaut Sherwood Spring assembl¬ 
ing the ACCESS truss tower during Shuttle flight 61B was 
unfortunately mislabeled. It demonstrates very well the 
capabilities of man in the assembly of future space struc¬ 
tures. 

On the subject of Apollo photography, reader C. G. Legge 
questioned the technique used to photograph Neil 
Armstrong on the lunar surface obtaining the contingency 
lunar samples. This photograph was made by a 16mm sequ¬ 
ence camera mounted in the right-hand window of the Lunar 
Module. This filmed sequence, as well as other sequences 
showing both Armstrong and Buzz Aldrin on the Moon, can 
be seen in NASA movies of the Apollo 11 flight. Photographs 
madewiththe Hasselblad equipment are noticeably sharper 
in appearance because of the larger format used (70mm). 

I really enjoy reading your magazine and look forward to 
the future issues. 

JOHN FONGHEISER 
California, USA 
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Number of People in Orbit 

Sir, On July 22,1987, following their launch in the SoyuzTM- 
3 spacecraft from the Soviet Union, cosmonauts Victorenko 
and Faris became the 200th and 201st humans, respectively, 
to reach Earth orbit (or beyond). The Soviet Union is also hol¬ 
der of the "100th Orbital Person" title earned by Savinykh on 
March 12,1981, orbiting in SoyuzT-4(as well as, of course, of 
the 1st manned orbit title for Gagarinon April 12,1961 inside 
the Vostok 1 spacecraft). The US holds the title of the 100th 
flight to orbit executed on the Discovery Space Shuttle, 
which was the STS-15 launch on January 24,1985. The US 
is the sole holder at present of all manned lunar titles and 
records. 

Twenty years have passed since Gagarin's flight till the 
100th person orbited the planet, but only 6 more years were 
required to send up the second group of a hundred human 
beings. A significant contribution to this space "rush" was 
the roomy quarters of the four US Shuttles, carrying up to 8 
astronauts on a single mission. Alas, this contribution has 
been tragically truncated by the Challenger accident. 

This count of rookies is somewhat misleading because it 
ignores all those flights executed by veterans. To complete 
the picture, then, here is the grand total: the Skylab4 mission 
orbited the 100th "generic" spacenaut in November 1973, 
STS-8 with Challenger included the 200th generic spacenaut 
in August 1983 and STS-22 with Challenger (again!) was 
responsible for the 300th generic spacenaut in October 1985. 
All of these were US flights, and the Shuttles' contribution is 
evident. Finally, with the Soyuz TM-3 mission, 321 generic 
passengers to date have been transported to orbit on 114 
space flights. 

* 

YARON SHEFFER 
Texas, USA 

Ariane 5/Hermes 

Sir, I am baffled why Ariane 5 is being upgraded by uprating 
the boosters and core stage to launch up to 21 tons to orbit 
from 18 tons. A consequence of this and other factors is a 
reduction in usefulness of Hermes. Surely the obvious way 
to go is in the same manner as Ariane 4, which by the time of 
Ariane 5 launch will have given ESA plenty of flight experi¬ 
ence with differing combinations of boosters. I suggest: 

Ariane 5-2, Core-stage + 2 boosters 
Ariane 5-3, Core-stage + 3 boosters 
Ariane 5-4, Core-stage + 4 boosters 
Ariane 5-6, Core-stage + 6 boosters 

Obviously some structural strengthening would have to 
take place, hard points for an extra booster etc, and dozens of 
other areas would have to be reappraised with a correspond¬ 
ing increase in structure mass; but this is a small price to pay 
if at a later date one has to consider this option or develop a 
new vehicle entirely. Surely, with the high cost of develop¬ 
ment it makes senseto get the most out of it for the minimum 
expenditure. 

Currently (July 1987), the flexibility of Hermes is seriously 
comprised. Although the payload remains approximately 
the same, it is making the best of a bad job. Logically, Hermes 
should be able to take Eureca to and from orbit, to service 
and replace equipment on Eureca and the Polar Platform, 
and if required (in an emergency) tofly limited Space Station 
missions. Thus, it would complement and back up an unreli¬ 
able Shuttle service (based on four orbiters) which will be 
heavily committed to the US military or Space Station duties 
and probably US interests, before the equipment of other 
nations would be flown or retrieved. 


Energia Payload 

Sir, I read with interest the articles in the August issue of 
Spaceflight on the Energia launch system. There does not 
seem to be a very clear indication of the nature of the payload 
on the test flight and I wonder if I could use your pages for a 
little speculation as to what it may be. 

The main facts seem to be that it had its own propulsion 
system and that its thermal signature on re-entry implies it 
was either large and complex or that it contained a lot of 
propellant. An additional feature I found puzzling atfirst is 
that it seems very slender, scaling at around four metres 
diameter whjch is about the same as the Proton launcher, 
whereas one would have expected almost double that if the 
massive 100 tonnes capability into low-Earth Orbit is to be 
used effectively. 

I think all these facts could be explained if it were an upper 
stage for Geostationary, Lunar, and Planetary missions. The 
payload for such misions would be between 20 and 35 ton¬ 
nes. This is a little greater than Proton's payload into low- 
Earth orbit, but close enough to explain why the payload 
diameter is effectively the same. 

If this identification is correct it would allow the Soviet 
Union to place and maintain Mir class space stations in geos¬ 
tationary and Lunar orbits. The geostationary orbit station 
could support the Solar Power Satellite programme, 
whereas the Lunar orbit station could support surface opera¬ 
tions. 

C.M. HEMPSELL 
Hertfordshire, England 


Thoughts on Energia 

Sir, The Energia booster has been drawn [1] showing a noz¬ 
zle diameter of three metres. This leads us to conclude that 
the Soviets have developed a powerful engine of 600 tons 
thrust using a single nozzle, thus making it almost compara¬ 
ble with the F-1 engines used on the Saturn 5 and in contrast 
to the use of a large number of engines as on the extinct TT5/ 
G booster. 

The LH 2 /L0 2 engines of the core vehicle are more powerful 
than the US Space Shuttle main engines and one shoula con¬ 
sider a minimum thrust rating of 200 tons for each engine 
giving the Energia a total minimum thrust of 3200 tons. 

If this booster is to be used for interplanetary probes then 
one might expect a version of the 1994-1996 Mars missions 
12] to be launched by it, where a rover, ascent module and 
orbiter could all be launched together. 

One might expect the Soviets to think also of probes o the 
outer Solar System (Jupiter and Saturn), making use of the 
Voyager results. For example, the experience gained from 
the Venus Landers could be exploited in penetratir j the 
atmospheres of these planets to greater depths than the US 
Galileo probe is intended to go. Together with the balloon 
experience on Venus and that projected for Mars, some very 
interesting Jovian missions can be proposed. 

If a manned space station is to be placed in a Sun-syn¬ 
chronous orbit for dedicated Earth observations, then one 
might expect a SoyuzTM with a toroidal tankto be launched 
on an SL-16 to a 900 km orbit. 

Pictures of the Energia launch pad show that the pad has 
the same height as the two-stage rocket. If three stage 
stacked versions are to be used then a different tower isto be 
expected. It seems that such verisonsofthe rocket will not be 
tested in the near future. 

M.Q. HASSAN 
Baghdad, Iraq 

Reference* 
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2 Aviation Week & Space Technology, May 25.1987 
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Soviet Openness 

Sir, Many thanks for the latent issue of Spaceflight - there 
was much interesting material to read. It is gratifying that the 
Soviet Union is being more open these days and good to see 
a letter from the Soviet Union. 

I had hoped to have attended the Paris Air Show this year. 
It looks like I missed a treat. Last time I wentthe Soviet exhib¬ 
ition was not bad but not fantastic - this year it looks like it 
was very good indeed. 

CHARLES W. EVANS-GUNTHER 
Flint, North Wales. 


Launch Announcement 

Sir, I was disappointed to see two errors in the July issue of 
Spaceflight. The impending launch of Energia was 
announced on Radio Moscow at 0600 UTC on May 15, con¬ 
trary to Mr Kidger's assertion Ip.5) and the small spaceplanes 
were not launched from Tyuratam (p.6) but originated from 
Kapustin Yar. 

G.E. PERRY, M.B.E. 
Kettering, England 


Mir in English 

Sir, Since the launch of the Soviet Union's latest orbital sta¬ 
tion, I have noticed that the western press has rendered 'Mir' 
into English as 'peace'. 

However, I understand that the word 'Mir' describes in 
Russian an ideal peasant community (akin to the romanti¬ 
cised concept we have of a medeival English village). Such a 
community played a crucial part in the thoughts of several 
prominent Russian social philosophers of the last century 
(e.g. Tolstoy and the great anarchist theoretician Kropotkin) 
and represented forthem a millenial vision of the perfect soc¬ 
iety to come. 


Given the fact that the astronomical 'Mir' is designed to 
serve as a nucleus of a 'community' of laboratories and 
spacecraft may I suggest that a more accurate translation of 
its name is 'Commune' or perhaps (at a pinch) 'Harmony'? 

SIMON BARNSLEY 
Solihull, England 

Mir Dockings 

Sir, Reports about the Soviet Mir Space station have been 
given recently in both Spaceflight and JBIS. I would like to 
offer some information on various questions that have come 
up. 

Lucien van den Abeelen ( Spaceflight , May 1987 pp.184/5), 
says that the three-petal structure of the manipulator socket 
on the Mir is not visible on photos of the flight model of Mir. 
Indeed, the structure was visible on photos shown during the 
Soviet presentation at the IAF Congress last year in 
Innsbruck. So, no EVA spacewalk is necessary to prepare the 
socket for use as previously suggested. 

All connectors in the forward docking system of Mir have 
been relocated so that the system is rotated by 45 degrees 
around the roll axis of Mir. If Soyuz-TM has its docking sys¬ 
tem arranged in the same manner as Soyuz-T, its soiar 
panels will be inclined by 45 degrees to Mir's solar panels. A 
model of Mir at the Aerosalon in Paris this year showed this 
configuration. If this is also trueforthe small scientific mod¬ 
ules, their solar panel plane remains inclined after they have 
been re-docked to one of the lateral ports, since the connec¬ 
tors there are also rotated. All of this is necessary so that the 
connectors of the docking system of the modules face their 
counterparts before and after redocking, when they are 
swung around the axis of the manipulator socket. 

It should also perhaps be made clear that the photo given 
in Spaceflight, March 1987 p.104, and in JBIS, May 1987 
p.202, shows a training model of Mir in the cosmonauts train¬ 
ing centre and nottheflight model. 

DIETRICH HAESELER 
Oberhaching, West Germany 


The manipulator arm of the module which is designed to engage a three-petal socket on Mir's multiple docking assembly. After docking at the forward docking 
port of Mir, the arm would engage the socket and hold the module as its main docking probe is retracted and it swings round the socket through 90 degrees to 
re-dock at a lateral port. The picture was taken from the projection screen during a Soviet presentation at the 1986 IAF Congress and consequently iacks good defin¬ 
ition. D. Haeseler 
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Our Galactic Home 


The theme of much of the mate¬ 
rial presented in this column has 
been the exploration of the Solar 
System, the primary task that JPL 
performs for NASA. Normally, the 
Solar System is considered as a 
domain unto itself - even visiting 
comets are of a domestic vintage, 
being obtained from the Oort- 
cloud warehouse in the outer 
Solar System. But the Sun is a star, 
among 10 11 in our Galaxy, and the 
Galactic environment is increas¬ 
ingly recognised as furnishing 
more than a passive background 
to our existence. 

Before examining the nature and 
extent of Galactic influences, we might 
pause to look beyond the Galaxy to the 
universe at large. One of the most 
dramatic interactions, or lack thereof, 
is represented by the dark sky at night. 
It is easily seen that if a line-of-sight 
from an observer is extended far 
enough in any direction it will eventu¬ 
ally terminate on the surface of a star, if 
the universe were infinite and Eucli¬ 
dean and more-or-less uniformly 
populated with stars. Thus, the night 
sky would not be dark but, rather, as 
bright as the surface of the Sun! The 
tension generated by this somewhat 
Malthusian thought experiment and 
reality is known as "Olbers' paradox" 
in recognition of the 1823 essay by 
Wilhelm Olbers (1758-1840) which 
popularised the subject. See Stanley 
Jaki's scholarly book. The Paradox of 
Olbers'Paradox (1969), for a history of 
the topic. 

Many explanations for Olbers' 
Paradox have been proposed. It does 
not help to assume the existence of 
intervening clouds of material to block 
the incoming starlight; for an Olberian 
universe in thermal equilibrium these 
clouds would re-radiate the energy at 
the same temperature (of course, in 
our actual universe dark clouds of 
interstellar material do exist). Most 
current explanations rest upon the 
expansion of the universe and its finite 
age. The former factor weakens the 
contribution of distant stars due to the 
redshift of their observed light. The lat¬ 
ter factor strikes at the heart of the 
Olberian formulation because the light 
from very distant stars has not had 
time to get here. 

Another interaction of the universe 
with our local environment was prop¬ 
osed by the Austrian physicist Ernst 


Mach (1838-1916) who objected to 
Newton's concept of absolute space. 
He replaced this abstract conception 
with the idea of motion relative to the 
bulk of matter in the universe. Einstein 
seems to have been the one who sub¬ 
sumed Mach's speculation under the 
name "Mach's principle". This vein of 
thought has undergone many transfor¬ 
mations, and the expression "Mach's 
principle"'is often applied to connec¬ 
tions between local dynamics and the 
large-scale structure of the universe. 

Before passing on to the subject of 
the Galactic environment per se, we 
would be remiss not to mention an 
area of considerable current interest: 
the so-called anthropic principles. The 
"Weak Anthropic Principle" quite 
reasonably states that, since we do 
indeed exist, we should not be sur¬ 
prised to observe in the universe cer¬ 
tain phenomena and conditions which 
are necessary for that existence. 
Hence, the universe must be rather 
large in order for carbon-based crea¬ 
tures like us to inhabit it. This follows 
from the need for several thousand 
million years of evolution - astronomi¬ 
cal, chemical, and biological - for our 
development, and in this time the 
expanding universe would grow to 
several thousand million light years in 
extent. 

The real fun begins when one enter¬ 
tains the "Strong Anthropic Principle" 
of Brandon Carter. "The universe must 
have those properties which allow life 
to develop within it at some stage in its 
history." The "must" is used in an a 
priori sense and not the a posteriori 
statement of the Weak Anthropic Prin¬ 
ciple. That is, a universe without life is 
not possible according to the Strong 
Anthropic Principle. This is strong stuff 
and there is not space to do it justice 
here. We will return to it in a later col¬ 
umn, particularly with regard to the 
search for extraterrestrial intelligence 
(SETI). The interested reader may wish 
to consult TheAnthropic Cosmological 
Principle (1986) by John Barrow and 
Frank Tipler. Surely this delightful and 
informative work will become a classic 
of scientific and philosophical exposi¬ 
tion. 

The story of some of our interac¬ 
tions with the Galaxy is well told in a 
recent release in the Space Science 
Series: The Galaxy and the Solar Sys¬ 
tem (U. of Arizona Press, 1986), edited 
by R. Smoluchowski, J. N. Bahcall, and 
M.S. Matthews. A few of the 22 papers 


in this work will be touched upon. It 
should be born in mind that the sum of 
the papers does not form a consensus, 
and there is still considerable disagree¬ 
ment on matters of fact and interpreta¬ 
tion in this growing field of "astronomi¬ 
cal ecology". 

First, it will be worthwhile to review 
some basic facts. 

The Galaxy is primarily a collection 
of stars and gas measuring about 30 
kpc in diameter (one parsec is approxi¬ 
mately 3.26 light years and a kpc is 
1000 parsecs; for comparison, the Sun 
is eight light minutes from the Earth, 
and the nearest star is 1.3 pc distant). In 
its other dimension, the system is 
about 2 kpc in thickness. Thisdiskis not 
homogeneous but has spiral arms and 
resembles, in many respects, the 
nearby (almost 700 kpc) Andromeda 
galaxy. The flattened disk of the Galaxy 
is complemented with a less-dense 
spherical halo of more than 100 globu¬ 
lar clusters - compact associations of 
100,000 or so stars, which are among 
the oldest structures in the Galaxy. 

The Solar System is located 7-10 kpc 
from the centre of the Galaxy and 
travels around the centre in a nearly 
circular orbit about once every 200 
million years. Hence, the Solar System 
has completed approximately 20 
galactic revolutions since the Earth 
was formed. 

Frank 'Bash of the University of 
Texas has contributed to the collection 
a paper which more closely details the 
motion of the Sun within the Galaxy. In 
its 4500 million year lifetime, the Sun 
has encountered several large molecu¬ 
lar clouds and crossed the spiral arms 
of the Galaxy about 17 times. Using the 
method of numerical integration on a 
computer. Bash forecasts the motion 
of the Sun for the next 100 million 
years. He modeled the major features 
of the Galaxy, including spiral arms,- 
which affect the solar motion, but did 
not include the gravitational effect of 
individual stars; (close encounter with 
a star would materially affect the orbit 
and vitiate the integration). 


If one approximates the resulting 
solar orbitwith an ellipse, it is reasona¬ 
bly close to being a circle (the eccen¬ 
tricity is 0.07). The Sun will next reach 
its closest approach to the Galactic 
centre in only 15 million years and 
should encounter a spiral arm in about 
50 million years. The Sun's orbit does 
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not lie exactly in the plane of the 
Galaxy but has a slight inclination 
which carries our star almost 80 pc 
above or below the plane: the 
maximum distance, which will be 
reached in about 14 million years. The 
vertical oscillations yield a crossing of 
the Galactic plane about every 33 mill¬ 
ion years. 

Over two-thirds of the interstellar 
gas in the Galaxy is believed to be in 
molecular form, and most of this gas is 
collected into giant molecular clouds 
(GMC). Atypical GMC hasa massfrom 
one hundred thousand to over one 
million times that of the Sun and 
ranges in size from 20 pc to 100 pc. N.Z. 
Scoville and D.B. Sanders of the 
California Institute of Technology esti¬ 
mate the frequency of penetrating 
encounters (four million or so years in 
duration) of the Sun with GMCs to. be 
about once every 1000 million years. 
Hence, they conclude that such 
encounters cannot be responsible for 
short-term periodicities in the geologi¬ 
cal record which some investigators 
claim to have detected (more on this 
later). 

P.C. Frisch and D.G. Yorkof the Uni¬ 
versity of Chicago have examined the 
local solar environment and conclude 
that we are currently in a region of the 
Galaxy that is relatively free from 
interstellar gas and dust. However, we 
are headed for a region which is more 
densely occupied with interstellar 
material. In 100,000 to one million 
years we may encounter such dense 
material. Passage through a cloud core 
(these would be objects smaller than 
the GMCs described above) might sup¬ 
press the solar wind (which flows 
radially outward from the Sun) and 
perturb the atmosphere of the Earth 
sufficiently to alter the climate. 

Cosmic rays consist of high-energy 
particles which course through the 
Solar System. The chief species is the 
proton, but heavier nuclei are also pre¬ 
sent. Cosmic rays originate locally, in 
the Sun, and in interstellar regions. 
Two papers, by J.R. Jokipii (University 
of Arizona) and K. Marti (University of 
California at San Diego) and by D.D. 
Clayton (Rice University) ef at, discuss 
the possibility that a supernova may 
have occurred near the Solar System in 
the not too distant past, based upon 
evidence from cosmic rays. No firm 
conclusion can be reached concerning 
this hypothesis, but a supernova 
within a few tens of parsecs of the 
Suns, perhaps 100 thousand years 
ago, would have had interesting con¬ 
sequences. As Clayton ef a/ state: "The 
event itself would have been quite 
dramatic, potentially 0.1 per cent to 1 
per cent as bright as the Sun, a possibly 
stressful situation for nocturnal crea¬ 
tures and the emerging human race 
alike". In comparison, a brightness of 
0.1 per cent of the Sun would corres¬ 
pond to the light from 400 full Moons. 

A significant fraction of The Galaxy 
and the Solar Systbm is devoted to the 
subject of comets. In order to 
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appreciate the nature of interactions 
between comets and the Galaxy it is 
necessary to understand something of 
the structure of the cometary system. 

In 1950 the Dutch astronomer Jan 
Oort hypothesised the existence of a 
cloud of comets in the outer Solar Sys¬ 
tem that serves as the source of comets 
which visit the inner Solar System. 
Each year, in general, several such vis¬ 
itors appear, and some of them are 
captured by planetary gravitational 
action, remaining, like Comet Halley, 
as periodic comets. Oort was led to his 
conclusion by examining the com¬ 
puted orbits of numerous long-period 
comets. 


The Earth is currently in a reg¬ 
ion of the Galaxy that is rela¬ 
tively free from interstellar 
dust. _ 

The Oort cloud is still only an 
hypothesis, but it has proved so fruitful 
in explaining the observed facts that 
most astronomers find it highly credi¬ 
ble. The parameters describing the 
Oort cloud are, not unexpectedly, the 
subject of some uncertainty. Approxi¬ 
mately 10 12 comets reside in a zone 
stretching from 20,000 out to 50,000 
AU from the Sun. One AU, or 
astronomical unit, isthemean distance 
from Eath to Sun, and there a re 205,265 
AU in one parsec; the Oort cloud is 
sized on the order-of a few tenths of a 
parsec. There is some evidence for an 
inner Oort cloud extending as far in as 
the orbits of Neptune and Pluto. 

The origin of the Oort cloud is also 
uncertain. The most likely source of the 
material is the set of processes which 
yielded the Sun and planets. However, 
proponents of an interstellar source for 
some comets are still active. Two 
major sub-divisions of the first theory 
(non-interstellar origin) exist: (1) for¬ 
mation of the cloud in its current loca¬ 
tion, (2) formation of comets in the 
Uranus-Neptune region of the Solar 
System and subsequent ejection into 
the Oort region by close encounters 
with planets. 

M.V. Torbett of the University of 
Kentucky and P.R. Weissman of JPL 
examine, in separate papers, the influ¬ 
ence of the Galaxy upon the structure 
of the Oort cloud. The tidal (gravita¬ 
tional) forces exerted by the Galaxy 
will place an outer limit on the extent of 
the region of comets: about 100,000 
AU. Perturbations from nearby stars 
place a similar limit on the size of the 
Oort cloud. But, as mentioned above, 
the cloud seems to extend only half as 
far out as it might. The missing limiting 
factor might be the GMCs which, if 
encountered often enough, could 
shape the Oort cloud to its current 
dimensions. In addition, encounters 
with GMCs have randomised the 
orbits of the comets comprising the 
Oort cloud. 

The most dramatic theme contained 
in the book is the attempt to identify 


cataclysmic events in Earth's history, 
such as sudden mass extinctions of 
biological species, and explain them 
through cosmic phenomena, in par¬ 
ticular, showers of comets. 

M.R. Rampino (New York Univer¬ 
sity) and R.B. Strothers (Goddard Insti¬ 
tute for Space Studies) have reviewed 
the evidence that terrestrial impact 
cratering and global tectonic 
phenomena are periodic in nature. 
Time-series analysis has indicated the 
possibility of two major periods: one of 
about 33 million years, the other about 
260 million years. They state that these 
geological periodicities have man¬ 
ifested themselves for at least 600 mill¬ 
ion years, and maybe 1,800 million 
years. There are four popular explana¬ 
tions as to the cause of the periodic ter¬ 
restrial cratering, presumably result¬ 
ing from cometary (and asteroidal) 
impacts. Two of the explanations post¬ 
ulate the existence of currently 
unknown intruding bodies which dis¬ 
turb the Oort cloud and induce comet 
showers. One of these theories holds 
the intruder to be Planet X beyond the 
orbit of Pluto while the other post¬ 
ulates a distant companion star to the 
Sun. A third intrusive-body theory 
claims that stars occasionally passing 
through the solar neighbourhood are 
the perturbative source of cometary 
showers. Rampino and Strothers 
favour a fourth cause as an explanation 
of the 33 million year cycle: the vertical 
oscillation of the Solar System through 
the plane of the Galaxy. At times of 
passage through the plane, encounters 
with molecular clouds would be more 
probable, stimulating comet showers 
from the Oort cloud and increased 
impact with Earth. The longer (260- 
million year) period may correspond to 
passages of the Solar System through 
a galactic spiral arm. 

E.M. Shoemaker and R.F. Wolfe, 
both of the US Geological Survey, look 
at mass extinctions of biological 
species and terrestrial cratering over 
the last 250 million years. They detect a 
probable periodicity (of about 31 mill¬ 
ion years) and correlation between the 
two sets of events. Their conclusion is 
that gravitational perturbations from 
occasional passing stars are the most 
likely mechanism producing the comet 
showers responsible for cratering and 
extinctions. 

The possibility of the existence of a 
tenth planet, beyond the orbit of Pluto, 
is examined by J.D. Anderson and E.M. 
Standish, Jr. of JPL. They look at 
dynamical evidence for the hypotheti¬ 
cal Planet X through analysis of the 
orbits of Uranus, Neptune, and the 
Pioneer 10 spacecraft. It is concluded 
that within the accuracy of available 
measurements, no unknown forces 
appear to be acting on these three 
denizens of the outer Solar System. 
However, they intend to increase the 
accuracy of the measurements and 
add Pioneer 11 tothesetof test objects, 
so the issue remains an area of active 
research (see also p.323 of this issue). 
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Atmospheric Molecules 


If one were to call out the physical 
factors that distinguish Earth from the 
other planets, our atmosphere and the 
oceans might head the list. The pre¬ 
sent atmosphere of Earth was formed 
in large part by the action of biological 
processes, particularly those involving 
plant life, and so it is not surprising 
that we extol its virtues; the atmos¬ 
phere is a custom-made product. How¬ 
ever, the partnership with life may not 
always be beneficial nor benign. There 
are indications that some recent 
human activities may be introducing 
substances into the atmosphere that 
can alter its physical properties in a 
way that could be harmful to the bios¬ 
phere. 

The Atmospheric Trace Spectros¬ 
copy (ATMOS) experiment was flown 
as part of the Spacelab 3 mission on 
the Challenger from April 29, 1985 to 
May 6,1985 (see the June 1984 edition 
of this column for a pre-launch descrip¬ 
tion). The two basic purposes of 
ATMOS were: (1) to compile an atlas of 
the molecules found in the atmos¬ 
phere, and (2) to establish profiles of 
their concentration at various altitudes 
and latitudes. The motivation for the 
experiment was to provide data for 
modelers of the atmosphere so that 
they can gauge the origin, extent and 
consequences of trace molecules in 
our atmosphere. Of course, special 
interest will be focused on any results 
which are related to human activities. 

The energy of a molecule can be 
represented as the sum of the motion 
of electrons relative to the nuclei, the 
vibrations of the nuclei, and the spatial 
rotation of the whole molecule (and of 
course, the translational energy). 
ATMOS based its detection of 
molecules on the observation of the 
amount of sunlight absorbed by those 
molecules in vibrational and rotational 
modes; the patterns of absorption are 


characteristic for each molecular 
species and serve as "fingerprints". 

The principle of design for the 
observations was simple: look directly 
at the Sun through a portion of the 
atmosphere and measure the amotint 
of solar radiation subtracted, as a func¬ 
tion of wavelength, by molecules in the 
column of atmosphere between Sun 
and instrument. The instrument for the 



The ATMOS experiment on-board Spacelab 3 in 
1985 measured concentrations of 25 molecular 
species. The experiment is scheduled to fly again 
as part of the ATLAS series of missions. 

ATMOS experiment was a 250 kg 
Fourier-transform spectrometer built 
by the Honeywell Electro-Optics 
Center in Wilmington, Massachusetts. 
Its range .of sensitivity, wherein 
absorption lines can be measured, lies 
in the infrared region of the spectrum 
with wavelengths from 2.2 to 16 mic¬ 
rons (a micron is one millionth of a 
metre and visible light ranges from 0.4 
to 0.7 microns). For comparison, the 
Infrared Astronomical Satellite (IRAS) 
observed celestrial objects from eight 
to 125 microns. 

Spectroscopists, by convention, 
often measure spectral line locations in 
units of reciprocal length, cm' 1 , rather 
than microns. In these units the span of 
effectiveness for ATMOS observations 
ranges from 625 cm' 1 to 4600 cm' 1 , a nd 
the spectral resolution of the instru¬ 


ment is 0.0125 cm' 1 . Thus, over 300,000 
resolution elements occupy the spect¬ 
ral range of interest. In other words, 
ATMOS is capable of obtaining a large' 
amount of information about atmos¬ 
pheric molecular spectra. This is 
reflected by the high data rate of 16 
megabits per second that the instru¬ 
ment generates. During operations 
this bit stream was passed from the 
Shuttle to NASA's Tracking and Data 
Relay Satellite (TDRS) in geosynchron¬ 
ous orbit, and then to a ground station. 
Not until the advent of modern high¬ 
speed computing was it possible to 
process such large amounts of data as 
are produced by high-resolution 
Fourier-transform spectrometers. 

The plan for the ATMOS mission 
was to observe sunrise and sunset as 
viewed from the Challenger, when the 
overall mission plan permitted. The 
Shuttle experiences sunrise and sun¬ 
set 32 times per day in the course of 
circling the globe. ATMOS observa¬ 
tions of the atmosphere were made for 
about three minutes during each of 12 
sunsets and five sunrises, yielding 
approximately 1000 solar spectra. 
Another 2000 "high Sun" spectra were 
made, away from the horizon, to obtain 
reference measurements of solar 
emission and absorption lines which 
would otherwise confuse detect ion 
of atmospheric absorption lines. Ratio- 
ing the low Sun (sunrise and sunset) 
and high Sun measurements brought 
out the atmospheric contributions. 

ATMOS detected and measured 
concentrations for 25 molecular 
species during the Spacelab 3 mission, 
four of which had never previously 
been measured spectroscopically in 
the atmosphere. Molecules were mea¬ 
sured up to an altitude of 140 km and 
between the latitude band from 10 to 
40 degrees N and between the latitude 
band from 40 to 50 degrees S. 

An added bonus of the experiment 
was the ability to measure atmos¬ 
pheric wind speeds through a doppler 
comparison of spectral line positions 
from atmospheric molecules to those 
from residual "rest" molecules of car¬ 
bon dioxide and water vapour inside 
the instrument! 

Currently, the ATMOS project is produc¬ 
ing the final catalogue of molecular species, 
contributing papers to the scientific litera¬ 
ture (see, for example, four papers by 
ATMOS team members in the August 1986 
issue of Geophysical Research Letters ), 
making spectral measurements from the 
ground, and preparing for future flights of 
the instrument aboard the Shuttle. The next 
flight is listed in the Shuttle manifest for 
1991. 

ATMOS is managed by JPL for NASA's Office of Space 
Science and Applications. Fred O'Callaghan is the project 
manager and Dr. Crofton Farmer is the Principal Inves¬ 
tigator. Thanks are due to Odell Raper of JPL, the Deputy 
Principal Investigator, who provided details of this highly 
successful investigation. In a subsequent column we will 
follow the ATMOS teem to Antarctica, where, last year, 
they employed a ground-based interferometer at 
McMurdo Station in order to gather data about ozone 
depletion over the southern polar region. 
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This spectral map of a region of the atmosphere was obtained by ATMOS from6pacelab 3 in 1985. Broad 
vibrational absorption features for several molecular species are apparent (CFC is “chlorofluor-carbon"). 
The finer absorption features are associated with molecular rotational energies. NASA/JPL 
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Survey missions have a flavour all 
of their own. Your correspondent was 
readily able to contrast the IRAS 
astronomical survey in 1983 with the 
1986 Voyager flyby of Uranus, having 
worked in immediate succession on 
those two missions. Both were reward¬ 
ing experiences with their share of 
excitement. Although the Voyager 
encounter period extended from 
November 1985 to February 1986, 
approximately 90 per cent of the sci¬ 
ence was achieved in about 10 hours 
near the heart of the Uranian system. 
Consequently> extraordinary mea¬ 
sures were taken to make operations 
perfect during this most valuable inter¬ 
val. 

For IRAS, the metaphor that occa¬ 
sionally rose to mind was that of being 
a rower aboard an ancient galley. The 
inexorable drum beats were supplied 
by the rotation of the celestial sphere 
as the Earth circled the Sun and by the 
satellite, using up its observing prog¬ 
ramme every 12 hours, needing to be 
reloaded with instructions for its on¬ 
board computer. In addition, the satel-. 
lite's cryogenic coolant (superfluid 
helium) was steadily boiling away, and 
with it the life of the mission. The pen¬ 
alty for errors or other problems was a 
hole in the all-sky survey, an exaction 
probably only slightly less painful than 
a lash on the back. And, in fact, steps 
were taken at the control centre in Eng¬ 
land and by Donna Wolff and her team 
back at JPL to indentify and plan to fill 
holes in the sky coverage. It would 
have been particularly unfortunate to 
have numerous small holes, so difficult 
to characterise, laced throughout the 
map of the sky. The final map covered 
96 per cent of the celestial sphere and 
with a favourable topology. 

The Magellan survey of Venus is 
accomplished by looking down rather 
than up, but the effort has points in 
common with the IRAS survey. For 
IRAS, the orbital plane of the satellite 
was designed to rotate slowly in iner¬ 
tial space, at about one degree per day, 
to keep the Sun away from the observ¬ 
ing regions as the Earth pursued its 
annual path (hence, geocentrically, 
one would experience the "rotation of 
the celestial sphere" as mentioned 
above). The power for driving the rota¬ 
tion of the orbital plane in this Sun-syn¬ 
chronous fashion is obtained through 
a well-known device of orbit design, 
utilising the oblateness (departure 
from a perfect sphere) of the Earth. In 
the case of Venus, the planetary sur¬ 
face appears to slowly rotate through 
the effective observing region of the 
synthetic aperture radar (SAR) - simi¬ 
lar to the celestial sphere's rotation for 
IRAS - but the causes are different. 

The orbit plane for the Magellan 
spacecraft remains almost fixed in 
inertial space because Venus is nearly 
spherical. But the planet rotates (in 
retrograde fashion) about its spin axis 
every 243 days. Hence, the planet 
appears to rotate slowly (every 243 
days) with respect to the spacecraft's 
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orbit plane. The orbit of Magellan is 
highly elliptical and observing with the 
SAR is undertaken in the time (up to 
37.2 minutes) when the spacecraft is 
close to the surface of the planet, to 
obtain the highest-resolution radar 
images. The mapping portion of the 
orbit occurs at altitudes ranging from a 
low of 250 km to a high of 2113 km; the 
furthest point in the orbit from the 
planetary surface is over 8000 km. 
Transmissions to Earth of the tape- 
recorded observations and other tasks 
are undertaken during the remainder 
of the 3.15 hour orbit (see the,June/ 
July edition of this column for a 
description of mission operations for 
Magellan). 

Magellan will, like IRAS, be map¬ 
ping a surface passing steadily 
through its observing region, and the 
flight team will be steadily stoking the 
on-board computer with observing 
instructions — every few days for 
Magellan rather than IRAS's twice per 
day. 

So much for the tactical situation. 
What about the survey strategy? On 
IRAS, Sylvia Miller and I worked with 
the science team to plan a course of 
action. Three major items drove our 
strategy for IRAS: (1) The requirement 
to finish the survey before the esti¬ 
mated eight £o ten months supply of 
liquid helium ran out, (2) circumven¬ 
tion of the effects of those "dead 
periods" when the satellite was pas¬ 
sing through the most intense portion 
of the Earth's trapped radiation (the 
resultant noise induced in the infrared 
detectors made observation impossi¬ 
ble at those times), and (3) the need to 
provide astronomers some time, dur¬ 
ing the course of the all-sky survey, to 
observe selected objects of high 
interest. See our paper in the January- 
March 1986 Journal of the Astronauti- 
cal Sciences if the suspense is getting 
to you. 

The strategy for the Magellan sur¬ 
vey is dominated by geometry: the 
relation of the limited observing zone 
during each orbit to the slowly shifting 
planetary surface which scrolls 
beneath it. 

The ideal mode for Magellan would 
have been to place the spacecraft in a 
low circular orbit about Venus and to 
utilise a two-antenna system: one 
antenna to perform the survey and the 
second to pump the data back to Earth. 
From a circular orbit a planetary survey 
could be completed in only one-half of 
the 243-day rotational period. How¬ 
ever, a scheme such as this would have 
caused practical problems with regard 
to cost and spacecraft mass. The per¬ 
formance of the Star 48B solid rocket 
motor, used to insert the spacecraft 
into orbit about Venus, limits orbital 
geometries available to mission desig¬ 
ners. 

Secondary constraints are also 
geometrical: Venus will pass behind 
the Sun, interrupting the survey 
through disruption of the communica¬ 
tion link to Earth; on day 90 after inser¬ 


tion into orbit about Venus the Sun will 
come between us and the planet, and 
as much as 28 degrees of longitude 
survey coverage may be affected in the 
time period around this event. Later in 
the mission Venus itself will block data 
transmission from the spacecraft dur¬ 
ing part of the spacecraft's orbit. 

The Magellan team has formulated 
strategies to deal with the limitations 
imposed by the non-circular orbit and 
the occultations by the Sun and Venus. 
An optimistic estimate is that the sur¬ 
vey will yield about 81 per cent cover¬ 
age of the planet, while more pessimis¬ 
tic calculations placed the total cover¬ 
age at about 74 per cent. Unlike IRAS, 
the Magellan spacecraft is expected to 
survive its primary mapping period 
and further coverage, in addition to 
more specialised investigations, will 
be possible. _ 

Periapsis - the closest point to 
Venus in the spacecraft's orbit - is not 
placed at the Venusian equator but lies 
in the northern hemisphere at 10 
degrees latitude. Therefore, survey 
coverage is biased toward the northern 
hemisphere and, in fact, coverage of 
the planet is expected from the north 
pole (+ 90 degrees latitude) down to - 
67.7 degrees latitude. 

In order to achieve this coverage, 
Magellan survey strategists plan to 
bias every other mapping orbit toward 
more southerly coverage, by choice of 
when they turn on the SAR for map¬ 
ping. Since ground swaths of alternate 
orbits still overlap, no holes are created 
in the northern hemisphere by this 
strategy. Without this method, latitude 
coverage would extend to only -54 
degrees latitude. 

Having mitigated the efforts of the 
eccentric orbit, survey planners looked 
at solutions to the problems occurring 
when the Earth-Venus geometry 
resulted in occultation by Venus of a 
region around the apoapsis (furthest 
point from the planet) of the space¬ 
craft's orbit. The basic problem is that 
this phenomenon reduces the amount 
of time available during each orbit to 
play back tape-recorded SAR data. 
Hence, less data can be gathered, 
resulting in less coverage during this 
period: from day 127 to day 166 after 
insection into orbit about Venus. 

The occultation periodvariesfromO 
to 57.3 minutes per orbit in this mission 
phase. When occultation exceeds 14 
minutes, the southerly bias of alternat¬ 
ing orbits must temporarily cease, and 
all swaths will begin at the north pole 
and proceed as far south as possible 
with regard to data-collection limita¬ 
tions imposed by the play-back capa¬ 
bility. 

During the extended mission, after 
the nominal mission has been com¬ 
pleted, strategies have been formu¬ 
lated to extend survey coverage to the 
south pole, to provide stereo images of 
selected areas of the surface, and to 
study in more detail objects of high sci¬ 
entific interest. 
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This month Spaceflight magazine presents a major 
feature on the first 30 years of the space age. Through¬ 
out these years. Spaceflight has been reporting news 
and developments in space to its international reader- 
ship, being already one year old when Sputnik I was 
launched on October 4,1957. In a special 26-page sec¬ 
tion beginning on p.54 of this issue we seek to recap¬ 
ture the spirit of the times from the photographic 
record and Spaceflight's own written reports span¬ 
ning the past 30 years. 

Coinciding closely with this 30th Space anniversary 
is the week-long 38th Congress of the International 
Astronautical Federation (IAF) at Brighton, Sussex 
(on 10-17 October). This meeting is being hosted by 
the British Interplanetary Society, which is the 
world's longest-established society devoted solely to 
the promotion of astronautics, the UK voting member 


of the IAF and publisher of Spaceflight. 
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Front Cover: The Apollo-SoyuzTest Project (ASTP) of July 1975 remains to this day a unique example of joint Soviet- American space activity. 

No mission is more complex than sending men into space and ASTP involved additionally the standardisation of docking 
techniques between two very differently conceived spacecraft-the Apollo command- service module and a Soyuz spacecraft. 
Further details appear on p.72. Our photograph shows the US commander Tom Stafford and the Soviet commander Alexei 
Leonov du ring the 43 hours of joint activity when they worked and ate together and visited each other's spacecraft. 
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Looking 
To Year 

by Michael Wilhite 


2001 


When 2001: A Space Odyssey, appeared on the cinema screens in 1968, it showed 
Arthur C. Clarke's vision of what the next century held for space flight, to the 
astonishment of the world. 

The world will still be astonished by what 2001 holds. Developments of the next 
decade will determine who is on the 'high ground' at the turn of the century. 

In this article, Michael Wilhite takes a look fet the space programmes of different 
countries and identifies the main ongoing developments in launch vehicle capability 
and manned space operations. 


Inside the Flight Control Centre during a Soviet manned space mission. 
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The Promise of Energia 

The maiden launch of the Energia 
rocket by the Soviet Union at 7.30 pm 
Moscow Time on May 15, 1987, 
marked the first time a very-heavy lift 
launch vehicle has been flown since 
the American Saturn V made flight to 
the Moon possible. 

The 220,000 pound payload capabil¬ 
ity of Energia will be used to place large 
satellites and space station segments 
into orbit during the 1990's. A third 
stage for the Energia is under study 
which will lift 330,000 pounds into 
orbit. But the primary feature of the 
new Soviet rodcet is its role as the 
boosterfor the Soviet Space Shuttle. 

When used as an unmanned boos¬ 
ter, a 120 ft strap-on payload canister 
runs the length of the 198 fttall rocket. 
The canister will then be replaced by 
the shuttle during manned operations. 

The Soviet shuttle relies on the 
engines of the Energia to reach orbit, 
since it carries no engines of its own. 
This gives the Soviet shuttle a slight 
payload capability advantage over the 
US shuttle system. The Soviet version 
is expected to lift up to 66,000 pounds 
of cargo. 

The first shuttle launch is likely in 
1990, and will be unmanned. Cos¬ 
monauts will board the shuttle in 1991 
or 1992 for a two-year test phase. 

Ful ly operational by 1994, the Soviet 
shuttle will initially be used in conjunc¬ 
tion with the growing Mir space sta¬ 
tion. 

Unlike the US Space Transportation 
System, the components of the Ener¬ 
gia system are a family of individual 
launchers. The Energia usesfourSL-16 
boosters as strap-on rockets. The SL- 
16 has been tested successfully follow¬ 
ing severe development problems in 
1984. 

The Energia was first stacked on 
new Soviet launch facilitiesin late 1983 
and was originally covered by camou¬ 
flage netting. Following several suc¬ 
cessful launches of the SL-16, Ener- 
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A Shuttle 2 Orbiter approaches a space platform. The distinctive features of this orbiter stage of the two-stage Shuttle 2 system include the payload canister 
arrangement, the tip fins at the wingt.ps and the multiple engines. - NASA 


gia's engines were test fired for several 
seconds on the launch pad in March 
1987. 

Along with its current rockets, the 
Soviet Union will have the most impre¬ 
ssive launch vehicle inventory of the 
1990's. 

Development of the Soviet shuttle 
has had its problems. Flight develop¬ 
ment tests at the Ramenoskoye flight 
test centre near Moscow were halted 
when a Bison Myasishchev Mya-4 
bomber, carrying the shuttle piggy¬ 
back, skidded from the runway and 
became stuck in the mud. 

Drop tests began in early 1986. Dur¬ 
ing the descent phase, the Soviet shut¬ 
tle uses two jet-engines to assist in 
shallower and safer landings. 

Soviet Manned Spaceplane 

Development of a small spaceplane 
has been well underway over the past 
decade and the first manned launch of 
the vehicle is expected soon. The 
spaceplane will replace the Soyuz-TM 
spacecraft in 1991 as a crew and 
limited-cargo transport to Mir. 

Test phases of the spaceplane have 
been well-documented. The most 


recent ended on December 19, 1984 
when the fourth and last one-third 
scale spaceplane was flown. Cosmos 
1614 was launched from Kapustin Yar, 
orbited once, and parachuted into the 
Black Sea. The flight was similar to its 
immediate predecessor. Cosmos 1517 
on December 27, 1983. 

Two earlier flights. Cosmos 1374 on 
June 3, 1982 and Cosmos 1445 on 
March 15, 1983, parachuted in the 
Indian Ocean, south of the Cocos 
Islands. 

The operational spaceplane will be 
launched on th& new SL-16 launch veh¬ 
icle. 


Large Space Station 

Development of the Mir space com¬ 
plex is in its infancy, as the first 
specialised research modules, such as 
Kvant, are attached. Each module is 
expected to be used for only a year or 
two before being replaced by another. 

The launch rate of these modules 
will steadily increase into the next 
decade. They are launched by Proton 
boosters, which have also been offered 
for international commercial use along 


with the SL-4 Soyuz launcher and the 
Vertikal sounding rocket. 

Despite two Proton launch failures 
in early 1987, the Proton has suffered 
no major delays, as have other world 
launch vehicles. The Proton will con¬ 
tinue to play a major role in the Soviet 
space programme through the 1990's. 

During the mid-1990's Proton 
launches will decrease as the Energia 
rocket and Soviet shuttle begin to 
launch segments of an advanced space 
station. This new space station con¬ 
tinues the evolution of the Salyut and 
Mir programmes that began two 
decades ago. 

By the turn of the century, the Soviet 
Union will have a most advanced 
space programme. The Energia rocket 
family will be the primary launcher for 
both manned and unmanned space¬ 
craft. Soviet cosmonauts will either 
board spaceplanes or shuttles for their 
journey to the largest space station in 
orbit. 

In 2001, cosmonauts will be just 
months from landing on the Moon, and 
just years from stepping on Martian 
soil. 
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But for the Challenger accident and postponement of the Shuttle programme, the Hubble Space Telescope would now be in orbit at the start of 15 years of intensive 
observation. The telescope will be unmanned, its operations being directed from the ground. As shown here, astronauts will arrive at the telescope to carry out 
in-orbit maintenance or to replace instruments or other modules. 


Looking to Year2001 


Space Policy in the United States 

No event has had such a great effect 
on US space policy as the Challenger 
Space Shuttle accident in January 
1986. The goal of US space policy now 
emphasises expendable launch vehi¬ 
cles, rather than the space shuttle, as 
the primary means of launching com¬ 
mercial satellites. 

A major change in the' American 
space programme is the growing influ¬ 
ence on policy by the Defence Depart¬ 
ment and subsequent limitations on 
NASA's input. Already, this has 
threatened aspects of international 
cooperation in the space station prog¬ 
ramme. 

The only positive policy made since 
the Challenger loss was the authorisa¬ 
tion of a replacement orbiter. The new 
shuttle will join the fleet in 1992. 
Resumption of shuttle launches is 
expected in the second half of 1988. 
The current launch date has been set 
for June, but may possibly slip a few 
months. 

Shuttle payloads in the early 1990's 
will primarily be military and scientific 
with commercial payloads slowly 
switched to expendable boosters. 

The cancellation of Spacelab mis¬ 
sions has severely disrupted many 
space science projects. Only two 
Spacelab missions, one Japanese and 
one West German, have been 
scheduled over the next five years. 

Shuttle launch facilities at Vanden- 
berg Air Force Base will also remain 
closed for the next few years. Space 
shuttle launches to polar orbit are 
unlikely before 1992. 


International Space Station 

Re-evaluation of the space shuttle 
system will lead to a safer manned 
spacecraft, but re-evaluation of the 
space station has led to a shrinking 
programme. 

Construction of a scaled-down ver¬ 
sion is currently scheduled to begin in 
late 1994 and will not be manned per¬ 
manently until 1996. Initial completion 
in 1998 will end phase one of the prog¬ 
ramme. 


Phase one construction includes a 
single transverse boom, four pres¬ 
surised modules, solar panels and a 
mobile servicing centre. 

International participation in the 
space station project has been jeopar¬ 
dised by the growing desire of the 
Defense Department to secure the 
right to conduct military activities on 
board. A compromise between NASA 
and the Defense Department will 
establish the future role of Europe, 
Japan and Canada in the space station. 


Medium-lift launch vehicles: 1990-2001. 


Return of Expendable Launchers 

The goal of using the space shuttle as 
the primary US launch vehicle van¬ 
ished along with Challenger. In 
November 1986, NASA Administrator 
James C. Fletcher called for an inven¬ 
tory of expendable rocfcetsta compen¬ 
sate for the reduction of shuttle 
launches in the early 1990's. 

But further problems developed fol¬ 
lowing the launch failures of a Titan 
34D and a Delta rocfcet during 1986. 
Despite these failures, NASA plans to 


Small-lift launch vehicles: 1990-2001. 


United States 

SCOUT 

(1960) 

Rrrtoad(lb) 

400 LEO ti 0 

China 

LONG MARCH 1-C 

(1970) 

1,320 LEO $9'-f 

India 

ASLV 

(1987) 

2,000 LEO r jC 


Soviet Union 

A-2 SOYGZ 

(1961) 

16,500 LEO 7. 7 1 5 

C-1 

(1964) 

3,300 LEO /.» j5 

F-1-m 

(1966) 

11,025 LEO V. Jfe 1 

F-2 

(1977) 

17,200 LEO 7.7 9 D 

United States 

ATLAS-CENTAUR 

(1966) 

‘f.SPCn 0,000 LEO/4,150 GEO 

ATLAS-F POLAR LAU NCH 

(1977) 

3,300 GEO 

DELTA 3920 

(1982) 

3,9 2 7,610 LEO/2,830 GEO 

DELTA 2 6925 

(1988) 

3.951 8,780 LEO/3,190 GEO 

DELTA7925 

(1990) 

V . 1 12 9,830LEO/3,560 GEO 

ENHANCED DELTA2 

(1990) 

t.DDOl 1,110 LEO/4,010 GEO 

Europe 

ARIANE 40 

(1988) 

4,190 GEO 

ARIANE42P 

(1988) 

5,733 GEO 

ARIANE 44P 

(1988) 

6,615 GEO 

ARIANE 42L 

(1988) 

7,056 GEO 

ARIANE 44LP 

(1988) 

8,158 GEO 

ARIANE 44L 

(1988) 

9,260 GEO 

China 

LONG MARCH 2 

(1974) 

i4,410 LEO 

(Long March 2 has several configurations) 

LONG MARCH 3 

(1984) 

3,000 GEO 

Japan 

H-1 

(1987) 

1,210 GEO- 

India 

PSLV POLAR LAUNCH 

(1989) 

2,000 LEO 
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But NASA's participation in the 
development of the Advanced Heavy- 
Lift Launch Vehicle will be limited, with 
the Defence Department playing the 
major role and reflecting the military's 
new role as leader of the US space 
programme. 

NASA does however plan to study a 
shuttle-derived heavy-lift launch vehi¬ 
cle for use in the 1990's, and uprated 
versions of the Titan, Atlas, Delta and 
Scout rockets will be used during the 
1990's as primary launch vehicles. 

Interest in small-life launchers is 
growing among businesses and at 
least two private American companies 
plan to launch small satellites. 


return to the commercial space market 
by using a commercial version of the 
military Delta 2 rocket to compete with 
the European Ariane, the Soviet Proton 
and the Chinese Long March 3. 

Beginning nextyear,thenewTitan4 
will duplicate the shuttle's capability, 
and a new heavy-lift vehicle, capable of 
launching 150,000 lb, should be availa¬ 
ble in 1993. 


- Looking to Year2001 


In the coming decade large space structures will be buiTt in orbit. This spectacular picture from iypace Shut¬ 
tle mission 61B shows the construction of the ACCESS tower by Jerry Ross, who is anchored by a foot 
restraint to the manipulator arm which is controlled from inside Atlantis by Mary Cleave. 


National Aerospaceplane 

Development of an air-breathing 
Aerospaceplane is planned for the 
1990's but operation of such an 
advanced runway-launched craft is not 
expected until well after 2001. A deci¬ 
sion to build the hypersonic transport 
wiH be made in 1989, but a parallel pro¬ 
ject could bridge the gap between the - 
space shuttle and the Aerospaceplane. 
This, the Shuttle 2 project, will use 
spaceplane project research and a 
more conventional rocket propulsion 
system. 

The Shuttle 2 will operate less 
expensively than the current shuttle 
fleet. A dedicated development prog¬ 
ramme could lead to the maiden 
launch of the Shuttle 2 in 2001. 

No US plans for manned missions 
to the Moon or Mars can be realised 
without a solidly-established goal set 
in the 1990's. The low-intensity of cur¬ 


rent USA space policy will not lead to 
such projects, unless international 
cooperation is well established early in 
the development phase* 

Ariane Evolves 

Arianespace, operator of the Euro¬ 
pean-built Ariane rocket, has 
scheduled the new Ariane 4 for its 
maiden launch in 1988. Despite the fai¬ 
lure of Ariane V18 in May 1986, the 
Ariane family has made an impressive 
dent in the commercial market. 


The versatility of the Ariane 4 will 
continue to give Europe a competitive 
edge through the early 1990's. The 
March 1986 addition of a second 
Ariane launch pad enables Ariane¬ 
space to launch as many as 12 flights 
per year, although present market fore¬ 
casts call for about eight annual 
launches in the early 1990's. 

With the backlog of US launches, 
Arianespace has had no problem in 
finding customers for Ariane 4, which 
has a payload capability of up to 9,250 
pounds. It has six configurations to 
meet varying launch needs and will 
replace the Ariane 2 and 3 launch vehi¬ 
cles by 1990. 

France is also evaluating a Super 
Ariane 4 concept, able to lift 1500 
pounds more, that will be used as an 
interim vehicle before the launch of 
Ariane 5. The Ariane 5 will be ableto lift 
up to 17,600 pounds and will be 
launched no sooner than 1995. 

At about the same time, ESA's Col¬ 
umbus module will be under final pre¬ 
paration for launch to the international 
space station on the space shuttle. The 
first module will be permanently 
attached to the station. Later, man- 
tended free-flyers will be launched by 
the Ariane 5. 

An extended stage for the Ariane 5 
in under study for the boosting of pre- 
surised modules to the space station or 
to an independent European space sta¬ 
tion. Current disputes with the US 


Heavy-lift launch vehicles: 1990-2001. 


Soviet Union 

D-1 CIVILIAN PROTON 

(1965) 

Payload 

• g 40,000 LEO 


D-1 MILITARY PROTON 

(1967) 

22 S 50,000 LEO 


SLV-16 

(1986) 

* f- 30,000 LEO 


ENERGIA 

(1987) 

t®0 220,000 LEO 


ENERGIA 3-STAGE 

(understudy) 

, 330,000 LEO 


SPACE SHUTTLE 

(1990) 

? a 7 66,000 LEO 


United States 

TITAL 3 COMMERCIAL 

(1964) 

27,600 LEO 


SPACE SHUTTLE 

(1981) 

2 7, 50,000 TO 60,000 

LEO 

TITAN 34D 

(1982) 

17 27,600 LEO/4,200 

GEO 

TITAN 4 

(1988) 

17.55 39,000 LEO/10,000 

GEO 

ADVANCEDHLV 

(1993) 

c.7. 5 100,000 T0150,000 

LEO 

SHUTTLE 2 

(2001) 

U 20,000 TO 40,000 

LEO 

Europe 

ARIANE 5 

(1995) 

7.?2 17,600 LEO 


China 

LONG MARCH 2-4L 

(1989) 

7 20,000 LEO/5,400 

GEO 

Japan 

H-2 

(1992) 

4,400 GEO 
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Defence Department has France 
advocating the development of an 
independent European space station. 

Development of Columbus follows 
the basic concept of West Germany's 
Spacelab programme, which has been 
adversely affected by Challenger. Only 
one West German-dedicated Spacelab 
flight is scheduled for the next five 
years. 

A European Manned Programme 

Europe is approaching long-term 
cooperation with the US cautiously, at 
the same time planning the develop¬ 
ment of a manned programme of its 
own. Europe's first spacecraft could be 
the miniature spaceplane called 
Hermes. France committed itself to 
develop Hermes and ten ESA member 
nations joined the early stages of the 
programme in late 1986. 

The original design of Hermes cal¬ 
led for a 10,000 lb payload capability 
and a crew capacity of six. The latest 
Hermes design submitted following a 
safety review after the Challenger acci¬ 
dent, incorporates an ejectable crew 
cabin that will hold three astronauts, a 
limited cargo capacity of 6,600 lb, a 
solid rocket extraction system and 
other major safety enhancements. The 
Hermes launch vehicle, Ariane 5, will 
also have safety modifications made 
before being man-rated. 

France is discussing the docking of 
Hermes with both the US and Soviet 
space stations. 

Considering possible delays in both 
the development of the Ariane 5 and 
Hermes, the first unmanned launch of 
the French spaceplane is unlikely to 
take place before 1998. 

A 21st Century Launch Vehicle 

Britain has been working on proof- 
of-concept studies for a re-usable, 
single-stage spaceplane called Hotol. 
A hybrid engine would use atmos¬ 
pheric oxygen to accelerate the craft 
through the atmosphere, and rocket 
propulsion in space. Hotol would both 
take-off and land on a runway. 

West Germany has introduced its 
own concept of a post-Ariane 5 
launcher, called Sanger. Sanger would 
use an air-breathing launcher the size 
of a 747 to lift a rocket-powered space- 
plane into the upper atmosphere. 

The Hotol and Sanger concepts 
could influence ESA's development of 
manned space flight in the 21st cen¬ 
tury. 

European Astronauts 

Selection of European astronauts 
has been dependent on international 
agreements with the US and with the 
Soviet Union. 

The first group of four European 
astronauts was selected in 1977 for the 
Spacelab 1 flight. Two of the men were 
later selected for NASA astronaut 
training. But France was able to put the 
first west European in space onboard a- 
Soviet Soyuz-T mission in 1982. That 
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same man, Jean-Loup Chretien, will fly 
to Mir in 1988. 

Two West Germans and one Dutch¬ 
man flew on the Spacelab D-1 flight, 
and another Frenchman flew on a later 
shuttle mission. Britain also selected 
four astronauts to serve as payload 
specialists on shuttle flights, but new 
NASA policy has indefinitely delayed 
the prospect of the first UK citizen in 
space. 

West Germany postponed selection 
of six astronaut-trainees for the 
Spacelab D-2 flight and has now 
decided to limit the number to three or 
four, with the launch delayed to 1992. 

During the 1990’s astronauts will be 
selected to fly the Hermes spaceplane. 
Initial Hermes crews will probably be 
French but later missions will include 
other Europeans. 

China Moves Into International Market 

The problems of the last 18 months 
in the US and European space prog¬ 
rammes have given the People's 
Republic of China the opportunity to 
offer launch services and the drive to 
develop a more independent prog¬ 
ramme. 

Prior to the Challenger accident, 
China began offering commercial 
launch services with its Long March 
rocket family. The largest. Long March 
3, is capable of launching over 3000 lb 
to geosynchronous orbit. It was first 
launched in early 1984 from a new 
launch centre at Xichang. 

The Long March 2 is also a Titan- 
class rocket with the ability of lifting 
5000 lb to low-Earth orbit. By uprating 
the three-member rocket family China 
hopes to secure a good portion of the 
commercial market in the 1990's. 

Though China at present only aver¬ 
ages two launches per year, it is 
demonstrating the reliability of the 
Long March rockets, which use 
rudimentary technology. 

In late 1986, China defined four ver¬ 
sions of the Long March 2 for potential 
launching of international satellites 
backlogged on Shuttle and Ariane 
manifests. China and Japan are both 
studying concepts for launching two to 
four small payloads at a time. 

Development For The 1990's 

One of the four Long March 2 
derivatives has the lifting power of a 
Saturn IB for low orbit and similar 
capabilities to the Ariane 3 and 4 for 
geosynchronous orbit. This version, 
using strap-on boosters, will be ready 
for commercial use in 1990. 

Participation in the international 
space station will g ive China the oppor¬ 
tunity to obtain new technology for 
their programmes leading intothe21st 
century. 

China has re-established its interest 
in manned space flight and plans to 
use the US space shuttle to launch the 
first Chinese astronauts. By 2001, 
China proposes an independent prog¬ 
ramme involving a Gemini-class 


spacecraft and, later, a small space sta¬ 
tion. 

Japan Moves From US Technology 

For Japan, the 1990's-mean space 
advancement in leaps and bounds. No 
space programme will grow as quickly 
during the next decade. 

Following earlier success with the 
N-1 and N-2 since the mid 1970's, 
Japan introduced the new H-1 booster 
in August 1986. Like the earlier boos¬ 
ters, the H-1 uses part US technology 
to lift 1200 pounds to geosynchronous 
orbit. However, Japan cannot use the 
H-1 for international services because 
of US trade restrictions. Japan plans 
seven more H-1 launches in the next 
five years. 

A heavy-lift launcher using all- 
Japanese technology will be first flown 
in 1992. This is the H-2 which will be 
capable of lifting 4400 lb to geosyn¬ 
chronous orbit, making it more power¬ 
ful than the Titan-34D. 

Japan is expanding launch facilities 
on Tanegashima Island to launch the 
H-2, which will be used for re-supply 
missions to the International Space 
Station. 

Japan's Manned Space Goals 

Japan has completed a mock-up of a 
space station module due to be 
launched by the US shuttle in 1995. An 
experiment platform will also be 
docked to the space station via shuttle 
or H-2. A remote arm is also being 
developed for the module. 

Despite controversy with the US 
defence plans on the space station, 
Japan still intends to put Japanese 
astronauts in space through the US 
programme. Three astronauts have 
been selected for training for the 
Japanese Spacelab mission and one 
will participate on the 1991 flight. 

Japan is also studying an unman¬ 
ned mini-shuttle concept called Hope. 
Like Hermes, Hope will be launched on 
an expendable rocket, the H-2. First 
launch of the unmanned spacecraft is 
set for 1993 and subsequently Hope 
will serve as a mini-spacelab and a 
cargo ship capable of lifting 6,600 lb. 

The second phase of the spaceplane 
project is the development of a hybrid 
air-breathing and rocket powered 
engine for manned use. The larger 
spaceplane will take off and land on a 
runway and development will be well 
advanced by 2001. 

India's Domestic Programmes 

India is trying to meet its own needs 
by launching domestic satellites on all¬ 
solid stage rockets. The launch rate is 
less than one per year, and a recent fai¬ 
lure may delay the next launch. 

In March 1987, the first launch of the 
Augmented Satellite Launch Vehicle 
(ASLV) failed. The ASLV usestheSLV-3 
rocket plus two solid strap-on rockets 
to launch 330 lb. A polar satellite 
launch vehicle (PSLV) is also being 
developed. 

India has been assisted by the US, 
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The Hermes space plane has been proposed by France to its European partners in ESA. With adequate flex ibility in design it could adapt to developments in space 
exploitation upto year 2010 and complementESA's Columbus space station programme. Hermes is here shown in one of its possible roles - that of supplying 
services to the international space station as a whole. ONES 


Soviet and European space program¬ 
mes in the past and international coop¬ 
eration will continue. An Indian cos¬ 
monaut flew to the Salyut 7 space sta¬ 
tion in 1984 and Indian payload 
specialists were training for a US shut¬ 
tle mission prior to the Challenger acci¬ 
dent. 

Canada's Growing Space Industry 

Canada's contribution to the Inter¬ 
national Space Station is a major one. 
Its Mobile Servicing Structure will be 
used during the construction and ser¬ 
vicing of the station and will assist 
space shuttle and payload docking to 
the station modules. Modern robotics 
will be used in the structure and it will 
feature a heavy remote manipulator 
arm. The servicing structure will also 
be used to make repairs to the station 
and satellites. 

Like Europe and Japan, Canada is 
not sure of the extent of its participa¬ 
tion in the International Space Station. 
Canada has stated it is prepared to 
drop out of the project if controversy 
with the US Defense Department does 
not clear up. 

Canada has patiently redesigned 
the service structure as station plans 
evolved and the new Canadian Space 
Agency is ready to find users for sta¬ 
tion space. 

Canada uses US and European 
launch vehicles for satellite program¬ 
mes and this will continue through the 
1990's. The Canadian Astronaut Prog¬ 
ramme also relies on the US space 


shuttle and may extend to Hermes by 
2001. 

Six Canadian astronauts are train¬ 
ing for shuttle missions, one flew on 
the shuttle in 1984. Like other possible 
payload specialists, the Canadians 
must wait until after the resumption of 
shuttle flights, before NASA passenger 
policy is established. 


Intercosmos I n Eastern Europe 

Eastern European countries have had 
the opportunity to fly cosmonauts to 
earlier Soviet space stations and that 
offer is being renewed for missions to 
Mir. A Bulgarian, to be launched to Mir 
in 1988, will be followed by other War¬ 
saw Pact cosmonauts. 

The Soviet Intercosmos prog¬ 
ramme has also launched men from 
North Korea, Mongolia, Vietnam, Cuba 
and Syria. None of these countries 
have established independent space 
programmes and will continue cooper¬ 
ation with the Soviet Union. 

Looking To The Future 

As year 2001 approaches, the US 
and Soviet space programmes will 
probably exhibit similar capabilities for 
the first time since the 1960's. The 
European and Japanese programmes 
will also probably be comparable by 
2001. Where the programmes are likely 
to differ will be in their established 
goals for the early 21st century. 

The Soviet Union has always estab¬ 
lished goals and then followed them 


through slowly and surely. The US has 
never been so dedicated to long-term 
plans. It is dedication which will put 
man back on the Moon and forward to 
Mars. International cooperation is 
essential for accomplishing such 
goals. 



An artist's impression of the launcn ot japan's H-2 
rocket which is being developed by NASDA to 
serve as its main workhorse in the 1990's. 
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The Space Age is Here 

By MAURICE ALLWARD 


“The Space Age is Here.’’ This was how one national 
daily newspaper headlined the news of the Russian 
satellite, and few readers of Spaceflight will have 
disagreed. 

Admittedly, Ziolkovsky’s historic paper on the 
subject of rocket motion of 1903, Goddard’s liquid-fuel 
roclcet of 1926, the German V2 and, more recently, the 
Aerobee and Viking high altitude research rockets, have 
all, in turn, been hailed as the “first steps” to inter¬ 
planetary flight. But the Sputnik (meaning “fellow- 
traveller”). as the Russians called their satellite, was 
different. For years articles have been appearing at 
an ever-increasing rate on space travel. And, as the 
pattern of development slowly evolved, it became clear 
that the first rung in the technological ladder to the 
planets would, indeed, be the construction of a vehicle 
capable of attaining a stable orbit around our planet. 

In his paper “The Artificial Satellite”, read at the 
Second International Congress of Astronautics, London, 
1951. L. R. Shepherd, then Technical Director of the 
B.I.S., stated: “The uses to which a satellite vehicle 
might be put are sufficiently numerous to justify con¬ 
siderable expenditure on their development. Their 
value as scientific research stations would be beyond 
measure.” He continued : “ But the real value of the 
orbital vehicle lies in its importance as an essential 
springboard in the supreme adventure of interplanetary 
flight. This w ithout doubt must be regarded as the main 
reason for our interest in the device , all other purposes 
being of secondary importance .” 

At the same Congress it was revealed that “one 
government had already announced its intention of 
pursuing the development of the satellite vehicle”. This 
was confirmed in July 1955, when it was announced in 
Washington that the United States intended to establish 
small, unmanned, artificial satellites in space as a con¬ 
tribution to the International Geophysical Year. 

From then onwards, the establishment of a satellite was 
obviously only a matter of time. Anticipation of the 
event could, therefore, have reasonably been expected 
by the world in general and by interested parties, such 
as the members of societies such as our own, in particular. 

As it was, the historic announcement from Moscow 
on October 5 that “As a result of intense, large-scale 
research conducted by Soviet research institutes and 
design organizations, the world’s first artificial earth 
satellite has been developed in the Soviet Union. On 
October 4, 1957, the first satellite was successfully 
launched from the U.S.S.R.”, astonished everybody— 
some members of the B.I.S. in particular! 



This is it! The first official picture of the Russian satellite, 
which the Russians call ' Sputnik '. It is seen here on a 
stand, some time before it was launched into outer space 
to whirl round the Earth at a speed of 5 miles per second 


Without doubt the reason for this was not so much 
that a satellite had been launched, but that it had been 
launched south from Russia over Moscow, instead of 
south-east from Florida over the Atlantic! True, 
Professor Leonid Sedov had announced at the sixth 
International Congress, in Copenhagen in 1955, that 
the Soviet Union intended to launch '.'U-Hites during the 
Geophysical Year. But, in spite of K. W. Gatland’s 
reminder in the July 1957 Spatcfligbi , the writer con¬ 
fesses that, faced with the wealth of information released 
on the U.S. Vanguard project, he tended to overlook 
this, as probably did most other people west of the Iron 
Curtain. 

After taking in the bare fact of the announcement, the 
Press was eagerly perused for further details. Then 
came a surprise almost as great as that of the satellite 
itself: its reported weight. The figures quoted varied 
from various sources, but averaged around 180 lb. 
At first the present writer was convinced that a decimal 
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This diagram of a model of the satellite which the Russians 
have launched into space, was recently published in the Soviet 
“Technology for Youth’*. Translations of Russian annotations 
are as follows, reading from top to bottom: Magnetometer; 
Mercury accumulator; Radio transmitter; Spring for detaching 
satellite from rocket. Explosive pin and rocket nose; the small 
diagram on the left shows the orbits of the artificial satellite, 
while the bottom diagram illustrates positions of the satellite in 
relation to the Earth (left to right) Night—invisible; Evening and 
morning—visible; Day—invisible 

By courtesy of the United Press 


point had got lost somewhere, but soon it became clear 
that the satellite did, in fact, weigh 184*3 lb. This is some 
nine times as great as the proposed Vanguard satellites 
and, remembering the latter’s approximate 1,000-to-l 
ratio of the launching-to-satellite weight, it became 
apparent that the Russian launching vehicle must have 
been an impressive monster weighing around 100 tons. 
This was confirmed by Moscow, who announced that 
it was a three-stage vehicle powered by a first-stage motor 
delivering 264,000 lb. thrust and burning out at about 
4,500 m.p.h. The second stage incorporated a 79,000- 
lb. motor burning out at something over 12,000 m.p.h., 
and the third had a relatively small motor, designed to 
give the tangential push required to establish the satellite 
in its orbit. 

The Sputnik was thus very much bigger than most 
space-travel enthusiasts had thought practicable for 
this important first step towards interplanetary flight. 
Most recent design studies had, primarily on the grounds 
of economy, been concerned with the smallest possible 
orbital vehicle. America’s Vanguard itself is expressly 
designed to the minimum size that can reasonably be 
expected to establish an instrumented satellite. 


Although the satellite was fitted with a comparatively 
simple radio transmitter, the payload was obviously 
sufficient to allow complex instrumentation in later 
vehicles and, perhaps, the carriage of animals or a 
television camera. 

The next big surprise regarding the Sputnik concerned 
its orbit. The first point to note was that, lying some 
65 degrees off the equator, little or no assistance will 
have been attained from the rotation of the Earth. 
In the case of the proposed orbit of the Vanguard (20 
degrees to the equator) this bit of “free speed” is estimated 
to be worth about 900 m.p.h. With the Vanguard the 
Americans are hoping for an orbit with 200 and 800 
miles as its upper and lower limits; to achieve even 
these limits extremely close control will be required 
over the burnout speed of the satellite and its final 
positioning in relation to the surface of the Earth. 
According to the circular issued by the British Astro¬ 
nomical Association on October 15 (Circular No. 390), 
the height of the Sputnik seemed to vary between 603 
miles and 118 miles, indicating either a “fluky” first 
attempt or else exceptionally well-developed control 
techniques. That the former was, perhaps, incorrect 
was indicated by an announcement from Moscow, at 
12.15 G.M.T. on October 5, including the following 
details of the orbit: 

“At 12.04 Moscow time the satellite's position was 
in the area of the city of Johannesburg. Since the 
moment of its passage over the Moscow area at 01.46 
on October 5, it has circled the Earth about 6^ times. 
The period of its orbit round the world, according to 
precise assessment, lasts 96-2 minutes. The radio 
transmitters are working uninterruptedly ... The appear¬ 
ance of the satellite is expected to-day in the areas of the 
following cities (Moscow time): Detroit, 16.30; Washing¬ 
ton, 16.31; Magadan, 17.52; Calcutta, 19.16; Ulan 
Bator, 19.23; Karachi, 20.54; Alma Ata, 20.58; Baghdad, 
22.32. On October 6; Yakutsk, 00.25; Prague, 01.49; 
Riga, 01.51; Moscow, 01.52; Oslo, 03.27; Rangoon, 
05.28; Bandoeng, 05.35; Leningrad, 06.49; Moscow, 
06.50; Bombay, 07.03; Damascus, 08.34; Manchester, 
10.05; Paris, 10.06; Rome, 10.09.” 

Such precise times meant that either the Russians had 
an extremely efficient orbital computer available—or 
V that so confident were they of the control techniques 
that they had worked out the times before the launching. 
This latter suggestion seems only slightly less incredible 
than the former. Whichever was the truth, it was 
obvious that the world was witnessing one of the most 
spectacular scientific advances to date. The “bleeps” 
from space told the world that Russia’s satellite pro¬ 
gramme, n6t America’s, was the vanguard; but before 
long, it is certain that more satellites will be sent up from 
both East and West. 
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- Milestones - 

1957 Launch of Sputnik 1, first artificial satellite, October 4. 

1958 Explorer 1, first US satellite launched (discovers Van 
Allen radiation belts), January 31. 

Inauguration of NASA, October 1. 

1959 Launch of Luna 2, first man-made object to hit the 
Moon, September 12. 

1960 Launch of Tiros 1, first meteorological satellite, April 1. 
Launch of Transit 1b, first navigation satellite, April 13. 
Launch of Midas 2, first infrared surveillance satellite. 
May 24. 

Launch of Echo 1, first passive communications satel¬ 
lite, August 11. 

Launch of Courier 1b, first active communications 
satellite, October 4. 

1961 Yuri Gagarin becomesfirst man in space, April 12. 
American intent to land a man on the Moon 'before this 

■ decade is out' declared by President Kennedy, May 25. 

1962 First American orbital flight made by John Glenn, Feb¬ 
ruary 20. 

Launch of Telstar, first commercial communications 
satellite, July 10. 


Valentina Tereshkova 

1963 First woman in space, Valentina Tereshkova, June 16. 
Launch of Syncom II, first geosynchronous communi¬ 
cations satellite, July 26. 

1965 First spacewalk by Leonov, from Voshkod 2, launched 
on March 18. 

Launch of Early Bird (Intelsat 1) first commercial geos¬ 
tationary communications satellite, April 6. 

First views from space of another planet: Mariner IV fly¬ 
by of Mars, July 14. 

1966 First pictures from Moon's surface sent back by Luna 9, 
January 31. 

First docking in space by Gemini 8 and Agena target, 
March 16. 

1967 First Saturn V flight, November 9. 

1968 Launch of Apollo 8, first manned flight around Moon, 
December 21. 

1969 Launch of Intelsat 3F-4 completes global satellite com¬ 
munications network. May 21. 

Astronauts land on the Moon, Apollo 11, July 20. 

1970 Return of Luna 16 first unmanned sample-and-return 
Moon mission, September 24. 

Launch of Luna 17 with Lunakhod Moon Rover, 
November 10. 

1971 Salyut-1 orbiting manned laboratory launched by Rus¬ 
sians, April 19. 

1972 Approval to developSpace Shuttle announced by Pres¬ 
ident Nixon, January 5. 

Launch of ERTS-1 (Landsat 1) first Earth resources 
technology satellite, July 23. 

1973 Launch of Skylab, American orbiting manned 
laboratory May 14. 

Pioneer 10 reached Jupiter, December 3. 

1974 End of final Skylab mission (Skylab 3). Endurance 
record 2017 hours 15 minutes, February 8. 

1975 European Space Agency set up. May 30. 

Apollo-Soyuz joint US/USSR space mission July 15-24. 
First pictures from the surface of another planet sent 
back by Venera (Venus) 9, October 22. 



Explorer 

On January 31, 1958 the United States Army successfully launched 
America's first satellite, called Explorer. Using a modified Jupiter-C roc¬ 
ket, a 30.8 lb baby "moon" was placed in orbit on the first attempt. The 
elliptical orbit, 200 to 1,800 miles, was so well established that scientists 
predict it is possible for the satellite to remain in orbit between two and 

10 years. It is circling the Earth in a 114.6 minute cycle. 

The launching vehicle itself was a 69 ft long missile consisting of four 
stages. Thefirst stage contained a liquid-propellant rocket engine. Stage 

11 consisted of eleven solid-propellant rockets clustered in a circle with 
three Stage III solid propellant rockets mounted inside the Stage II clus¬ 
ter. The fourth stage carried the satellite with one solid-propellant rocket 
as the propulsion unit. The satelliteand Stage IV rocket were designed to 
remain as one unit and the unit was not designed to be recovered. 

The satellite itself consists of the instrument-carrying forward section 
of the cylindrical shell-casing and the fourth-stage rocket motor which is 
attached to the instrument carrier. The satellite is about 80 in long and 6 
in in diameter. The electronic payload weighs about 11 lb, exclusive of 
the casing. Instrumentation and telemetry in the satellite are designed to 
gather and transmit four types of information: external skin tempera¬ 
ture, internal temperature, cosmic dust erosion and cosmic ray data. The 
main part of the instrumentation package is a cosmic radiation experi¬ 
ment originally designed by Dr. James Van Allen of the State University 
of Iowa. The major element of this experiment is a Geiger-Muller 
counter. Dr. Van Allen's scientific experiment in the satellite is concerned 
with the measurement of the rate and intensity of cosmic rays as they 
occur above the atmosphere of the Earth. 

The average counting rate expected will produce approximately 32 
pulses per second, which will cause a frequency change once each sec¬ 
ond. On this basis, the system is capable of transmitting cosmic ray 
information at 40 times the normal rate if such activity occurs during 
intense solar or magnetic storms. 

In addition to the information received directly from the satellite 
through its instruments, the vehicle also can provide basic scientific 
information simply by being in orbit. 

Ground observations of the orbiting satellite will provide information 
about the ionosphere, geomagnetic field intensity and atmospheric 
density - information that up to now has been arrived at by calculations 
based on indirect evidence. Accurate optical and radio observation of 
changes in the satellite orbit may provide information as to gravitational 
anomalies in the Earth. 


SpMfhfht. April 1958 


Lunik II Hits the Moon 

The second Soviet space rocket, launched on September 12, reached 
the Moon [September 14) at 2 min. 24 sec. past 10 (past midnight, 
Moscow time) to make history with the first space flight ever made from 
the Earth to another celestial body. 

The space vehicle was a multi-staged rocket, whose last stage was a 
guided rocket weighing T,511 kg (about 1 Vi ton). 

Scientific instruments, with container and power supply, weighed 
309.2 kg (over869 lb). 

A Tass announcement said the programme of scientific observations 
had been completed. The radio transmitters in the container with the sci¬ 
entific and measuring equipment ceased functioning at the moment it 
hit the Moon. 

Pennants with the arms of the Soviet Union and the inscription,"The 
Union of Soviet Socialist Republics, September, 1959," were carried by 
the rocket, and measures had been taken to ensure that the pennants 
remained intact when the rocket hit the Moon. 

Measures were also taken to prevent the lunar surface from being 
contaminated with terrestrial bacteria. 

"The Soviet space rocket's flight to the Moon is an outstanding 
achievement of science and engineering," says the announcement. "A 
new page has been turned in the exploration of outer space." 

The rocket sent back information about the Earth's radiation bands 
and magnetic field, cosmic rays, micro-meteorites and interplanetary 
gas. Radio measurements of the distances and angles determining the 
rocket's position and measurements of radial speeds were used to 
establish with precision the trajectory of the rocket's flight. 
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These observations and computations showed that it was following a 
trajectory very close to the one projected. 

In addition to the main tracking stations, radio observations of the 
vehicle were conducted by a large number of amateur radio operators 
and radio centres in the Soviet Union and in European and Asian coun¬ 
tries. 

Speaking of the great weight of the rocket's last stage, which is 39 kg 
heavier than that of the first Soviet space rocket, Academician Topchiev, 
vice-president of the USSR Academy of Sciences, says that this is 
another big step forward. The Soviet scientists have been able to send 
into space much more scientific and technical instrumentation, making 
it possible to carry out more thorough studies of cosmic space en route 
to the Moon. 

The programme of studies being carried out withthe space rocket has 
been supplemented by measurements of the Earth's magnetic field at 
heights which have not been attained with artificial satellites. Professor 
Fyodorov says. The planned experiments may yield some quite unex¬ 
pected results. 

Now that man has successfully invaded the depths of cosmic space, 

goes on to say, broad international co-operation in this field becomes 
especially important. The United States and the Soviet Union lead the 
world in space exploration. It is to be hoped that as a result of the 
exchange of visits between Khruschev and Eisenhower, relations bet¬ 
ween the two countries will improve to an extent such as will make it 
possible to have closer ties between Soviet and American scientists. 

- SpscafUght, October 1959 


Two Major Triumphs 

Two important events in astronautical science have taken place since 
the last issue of Spaceflight appeared. One is the outstanding success of 
the 98.4 lb American solar-probe. Pioneer V, in signalling back to Earth 
information on conditions in space over millions of miles. Withfhis must 
be linked the use of JodrelLBank's radio-telescope in long-range space- 
communications. The other is the considerable Russian triumph in put¬ 
ting into orbit close to the Earth a fully-equipped embryo "space-ship" of 
10,010 lb, complete with a 2 V 2 ton detachable pressurised cabin, dummy 
astronaut and oxygen equipment. 

Both experiments are remarkable in their own right. The first has 
shown the extent to which use can be made of small payloads by ingeni¬ 
ously-designed miniaturised equipment; the second how the develop¬ 
ment of large rocket boosters is leading to the early arrival of man in 
space. 

However, no one is likely to suggest that success with the latter will be 
achieved overnight. An orientation fault deprived Soviet scientists of 
claiming full success for their experiment (similar troubles have afflicted 
the American Discoverer programme aimed at the recovery from orbit of 
a 300 lb capsule), while the Russians, at least, apparently still consider re¬ 
entry into the atmosphere a difficult problem. The Americans, of course, 
have their own plans for orbiting a man next year in the much smaller 
one-ton Mercury space-capsule. 


SpaoMght, July 1960 


Triumph of Sputnik V 

Another milestone in astronautics has been reached by the Russians. 
On August 19, it is believed from Aralsk, near the Aral Sea, a multi-stage 
rocket was launched carrying a payload of over 4'/2tons in the shape of 
a two-part spacecraft which entered a near-circular orbit with an apogee 
of about 210 miles and a perigee of some 190 miles. The vehicle con¬ 
tained a varied "cargo" comprising two dogs, 40 mice and two rats, fruit 
flies, plants and fungi, microscopic water plants and some seeds. There 
were also instruments for measuring light and heavy nuclei in primary 
cosmic rays, ultra-violet radiation from the Sun and the amount of cos¬ 
mic radiation in the pressurised animal container. 

Inside the spacecraft, television was used for the first time to observe 
the reactions of the test-animals in orbit. 

The climax to thifc remarkable experiment came more than 24 hours 
later when, on a command signal from the ground, a retro-rocket fired to 
slow down the spacecraft and cause it to re-enter the atmosphere. At this 


- Milestones - 

1976 Viking 1 and 2 soft-landers land on Mars, on July 20 and 
September 3. 


1977 Launch of Ruasian Salyut 6 orbiting manned laborat¬ 
ory, September 29. 


1979 Closest.approach to Saturn by Pioneer 11, September 

1 . 

First launch of European Space Agency Ariane Satellite 
Launch Vehicle, December 24. 

1980 Pictures of Saturn and its moons sent back by Voyager 
1 . 


1981 First flight of Space Shuttle Columbia, April 12. 


1982 Space Shuttle launches its first commercial payload on 
STS-5 mission, November 11. 

1963 First flight of European Space Agency Specelab man¬ 
ned orbiting laboratory, aboard Space Shuttle orbiter 
Columbia, November 28. 


1984 President Reagan announces American permanently 
manned Space Station development January 26. 

First satellite repair in space: Solar Max satellite. Shut¬ 
tle mission 41C, April 10-12. 

First commercial Arlene launch (V9) bV Arianaspsce, 
May 22. 

Svetlana Savitskaya becomes first woman to 
spacewalk, from Salyut 7 apace station, July 26. 

Salyut 7 endurance record of237 days set by Kiiim, Sol¬ 
ovyov, Adcov,October2. K_\ \ 

Kathryn Sullivan becomes first American woman to 
spacewalk. Shuttle mission 41G, Ootpber 11, 

First space salvage operation; Shuttle orbiter Discov¬ 
ery lands with Wester, Palaps satellites retrieved from 
space afterlaunch failure in February, during 14th Shut¬ 
tle mission, November 8-18. 

1986 Soviet Vega 1 capsule lands on Venus Dune 111 fob 
lowed by Vega 2 four days later. 

Giotto, Europe's Halley probe, launched by Ariane on , 
July2. ' . Yt 

American ICE probe passed behind coma of Comet 
Giaeobinl-Zlnner, In the first evsrcometafy approach, 
on September 11. 

Space Shuttle Challenger carries a record crew of eight 
on German Spacelab DI mission launched on October 
30. r . ; 'IXj 

Roy Gibson appointed as first Director-General of 
British Natiomd Spice Centre on November 20. 

First termination of space mission this to crew Hlnest i 
when Soviets return Salyut 7 crew to Earth on- 
November21. - r 'V 

1988 Voyager 2 spaceprobeftiesbyyranua and sends 
bad! pictures to Earth, January 24.' 

26th Shuttle flight emir in disaster when Qtefierigsr . 
explodes, killing all seven of ita craw, which ihchufea 
find civilian In space. Sbuuisprogremme halted 
January 28. 

Ruseia launches Mir (Peace), flratmoduie of a perma- 
. nently manned apace station, February 20. V ? 

•' Soviet Vaga 1 probe dcseMap p rtwa #fe ifibii)aafiriey . 

nucleus {9,000 km) on March 6. Vegi Sfly-by three dbys 
'« later. , - i — || ' 

-a European Space Agancy ^prio aRaoe probe photo- 
. graphs nucleus of HafiaySa <s*ttet .March 13. 



1987 Japan's AstrO-C satellite Was launched on Feburary 5 
piecing the largest ever satellite-borne x-reydstector in 

. . orbit- - .-I-, 

Japan launches it* firm Earth resources satellite, MOS- 
1, on Feburary 19. , - 

Soviet astrophysics module Kvsnt docked at second 
attempt with Mir space station on April 9, 

First launch of new Soviet heavy lift booster Energla on 

May 18. v 
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point, the vehicle was on its 18th orbit and had travelled nearly 500,000 
miles. Tass reported that the spacecraft "was provided with a special 
thermal shield and passed safely through the Earth's atmosphere". It 
was also said that the bio-capsule was catapulted clear of the spacecraft 
as a safety measure after re-entry and that both made successful land¬ 
ings some 6Vi miles from the designated point in an undisclosed region 
of the USSR. 

Although it will be some time before all the results of this historic 
experiment have been analysed, the next step of substituting a man, or 
possibly two men, for the animals cannot be too far away. 

Spaceflight October 1960 


Echo I Encounters Darkness 

Echo I began to encounter brief periods of darkness for the first time 
on August 23. The communications satellite went into the Earth's 
shadow for about 2 minutes as it passed over Southern California at 5.25 
am (Wed.) EDT. Since then the periods of darkness have been increasing 
with each orbit, reaching a maximum in December when Echowasinthe 
Earth's shadow some 30 minutes during each 118 min. transit. Thereaf¬ 
ter, the periods of darkness will diminish for the next three months. 

The National Aeronautics and Space Administration issued special 
alerts to optical, radio and radar tracking facilities around the World urg¬ 
ing maximum observation as Echo enters and emerges from periods of 
darkness. The purpose of this close observation is to try to maintain a 
precise determination of the orbit. 

Since Echo was launched on August 12, hundreds of experiments 
have been conducted, using the satellite as a passive relay for radio sig¬ 
nals. These transmissions included teletype signals, facsimile photo¬ 
graphs, two-way telephone conversations using commercial equip¬ 
ment, trans-continental and trans-Atlantic signal relays and experiments 
to determine the effects of the ionosphere on radio signals. 

While the Echo balloon satellite is the largest object y^t placed in orbit 
around the Earth, its launching also established other "firsts'. 1 in missile 
technology. For example, its precise, near-circular orbit, was achieved 
with the help of a 42 lb electronic device developed especially for Detta 
space vehicles to NASA specification. Called a flight controller, the 
device is designed to inject the satellite into a precise orbit that will vary 
no more than 100 miles between the highest and lowest points at its 
planned 1000-nautical-mile altitude above the Earth. 


Spaceflight January 1961 


European Co-operation in Space 

At a meeting of the Council of Europe i n Strasbourg o n September 21, 
Mr. David Price, MP presented a comprehensive report on "European 
Co-operation in Space Research and Technology." In an introduction, 
the author acknowledges extensive assistance from the British 
Interplanetary Society. • 

The document placed before the Committee of Ministers the follow¬ 
ing recommendations: 

(1) That they study as a matter of urgent policy the possibilities and cost 
of setting up a European agency to undertake a space programme, 
based upon a space vehicle developed and built in Europe, and to 
promote the peaceful uses of outer space. 

(2) That they ascertain which member States would be willing in princi¬ 
ple to take part i n a European programme of space research and the 
limit of the financial and scientific commitment which each par¬ 
ticipating State would be willing to undertake. 

(3) That, if warranted by these studies and investigations, they prepare 
a specific plan for the creation of a European space agency and sub¬ 
mit it to member-Governments for early ratification. 

(4) That any European space agency which they may create should be 
subject to overall control by a committee of the appropriate Minis¬ 
ters and to the parliamentary influence of this Assembly. 

(5) That they keep this assembly informed of the progress made and 
that this Assembly be consulted as to the future development of this 
programme. 

After surveying the motives for space research, the types of vehicles 


of S p 



Lift-off of a Soviet launcher, the only man-rated vehicle n the 
Soviet launch vehicle inventory ,The latest Soyuz mission to Mir 
used essentially the same vehicle configuration as the Vostok 
used to put Yuri Gagarin in orbit in 1961. 
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The original seven 'JS asironauts in tront of an F-102. They are 
(from left)- M.ScottCarpenter, L. Gordon Cooper, John H Glenn, 
Virgil I. Grissom, Walter M Schirra, Alan B Shepard and Donald 
K. Slayton. 



required and their method of propulsion, Mr. Price outlines the probable 
technical and economic benefits of space research and technology plac¬ 
ing special emphasis on satellites for communication, navigation and 
meteorology. He next turns to political and legal problems, Russian and 
American achievements and prospects, and the British space prog¬ 
ramme. 

The present British space programme, Mr. Price points out, is easily 
the largest currently undertaken by any European country. It may be 
divided into six categories: (i) upper atmosphere research with sound¬ 
ing rockets; (ii) tracking, both optical and by radio, of satellites and space 
probes; (iii) World Data Centre "C" and satellite prediction service; (iv) 
the design of instruments for satellites; (v) joint venture with the United 
States for the launching of British instrumented satellites by an Ameri¬ 
can space vehicle; and (vi) design studies for the adaptation of British 
military rockets for space research, and for satellites which they could 
carry. 

SpmcMgM, January 1961 

Man Into Space 

The Russians cannot now be far from making an attempt to place their 
first astronaut in close-orbit around the Earth. Atthe time of writing, five 
experimental launchings have been made with 4’/2 ton spacecraft, the 
latest on March 25 when the dog Zvesdochka (Little Star) was safely 
recovered "at a predetermined point in the USSR". 

A change in the pattern oft he experiments was evident in the launch¬ 
ing on March 9 this year when the spacecraft was commanded to return 
after spending a much shorter time in orbit. On this occasion, only one 
dog was carried with the usual complement of smaller test animals, 
insects, etc., and all were safely recovered. The fifth experiment on 
March 25 repeated this procedure - again with success. 

Meanwhile, in the United States, sub-orbital ballistic tests of the one- 
ton Mercury capsule are working up to the stage where one of the three 
astronauts selected may be given the opportunity of becoming a pas¬ 
senger in a Redstone-boosted capsule. 


Spacmfiight. May 1961 


Mission to Venus 

On February 12 the Russians launched an "automatic interplanetary 
station" on a transfer orbit to the planet Venus. Although radio com¬ 
munication was iost after about 15 days, the experiment is a clear 
foretaste of further probing missions in store - to Venus and Mars. 

The space rocjcet took off from the sputnik at a precomputed point on 
its orbit. When this rocket had attained a-velocity that was 661 m/sec 
more than the escape'velocity and the rocket had reached a precom¬ 
puted point in space, the rocket engine stopped and the automatic 
interplanetary station separated from the rocket to start coasting 
towards Venus. This was the first time a guided vehicle had ever been 
fired in an interplanetary orbit from a sputnik carrier. 

SpMCifttght, July 1961 


First Man in Orbit 

On April 12 a Soviet citizen. Major Yuri Gagarin, became the first man 
to orbit the Earth. His " Vostok" spacecraft landed safely in a prearranged 
area in the Soviet Union after a flight lasting one hour 48 minutes. 

The world received the news that a man had been launched into space 
while the flight was actually in progress. These were the words of the 
Tass announcement as they were broadcast over Moscow Radio: 

"The world's first satellite spaceship, the Vostok, with a man onboard, 
has been put into orbit round the Earth in the Soviet Union on April 12, 
1961. 

"The launching of the multi-stage space rocket was successful and after 
attaining the first escape velocity and the separation of the last stage of 
the carrier-rocket, the spaceship went into free flight on a round-the- 
Earth orbit. 

"Two-way radio communication has been established and is being 
maintained with space navigator Gagarin. The frequencies of the short¬ 
wave transmitters on board are 9.019 and 20.006 Mc/sec., and in the 
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Alan Shepard begins his May 1961 15% minute sub-orbital flight 
-the first American to re ac h soace. 


ultra-short-wave range-143.625 Mc/sec. The condition of the navigator in 
flight is being observed by means of radio telemetric and television sys¬ 
tems." 

According to reports received from the spaceship at 9.52 am (Moscow 
Time) - 7.52 am BST - Major Gagarin, while over.South America, 
reported: "Flight is proceeding normally, I feel well." 

At 10.15 am Major Gagarin reported from the Vostok that he was over 
Africa a nd was standing up well to weightlessness. Experts busy with 
the maps and radio equipment exchanged glances. Everything was fine, 
everything was going well. 

The moment for landing was drawing nearer. 

One after another, reports were coming in of new fixes of radio sig¬ 
nals from the spaceship, which was already on the ground, and planes 
and helicopters were dispatched immediately to the spot. They were not 
needed, however. The telephone rang and a happy, excited voice 
reported: 

"Gagarin is with us ..." 

The call came from a village not far from the landing point. 

After landing, the astronaut had not waited for planes to come for 
him. Feeling fit, he had gone to meet the people who had rushed out to 
welcome him. 

The flight was over. 


Spaceflight July 1961 


America’s Space Triumph 

An outstanding and well-merited achievement in the United States 
space-programme occurred on February 20, 1962, when Lt. Col. John 
Glenn successfully completed three orbits of the Earth in the Mercury 
capsule MA-6. The total flight time from lift-off to touch down was 4 hr. 
56 min. Despite troubles with the automatic attitude control system, the 
astronaut kept the spacecraft under proper orientation using the man¬ 
ual-electric Fly-by-Wire system and he also operated the fully manual 
system which employs a separate system of attitude gas-jets with 
mechanical linkages. Total mass of the capsule in orbit was about 3,000 
lb, which compares with 10,430 lb for the Soviet spacecraft Vostok II in 
which Major Gherman Titov made 17V 2 orbits of the Earth on August 6/ 
7,1961. 

Spaceflight May 1962 


Probing the Planets 

On December 14 the spacecraft Mariner II was scheduled to pass the 
planet Venus at a distance of some 20,900 miles - a considerable 
triumph for NASA and the US space programme. Launched from Cape 
Canaveral on August ’27, the flight path of the space probe had been 
modified eight days later on command when the vehicle was nearly 1.5 
million miles from Earth. 

With NASA's 446 lb spacecraft Mariner II still transmitting and making 
its close approach to Venus on December 14, Russia's 1,970 lb photo¬ 
graphic probe is heading out to reach a rendezvous with Mars sometime 
between May and June. So far high success has accompanied both 
exploits. 


Spaceflight January lsoJ 


The Moon in Close-up .. . 

Details of the lunar surface never before seen by human eyes were 
revealed in dramaticfashion when the JPL spacecraft Ranger7 transmit¬ 
ted 4,316 pictures by television before hitting the Moon at 1325 hr GMT 
on July 31,1964. Launched by an Atlas-Agena from Cape Kennedy three 
days before, the 806 lb spacecraft took 68 hr. 59 min. to reach its destina¬ 
tion, travelling a computed distance of 228,522 miles. First of the high- 
quality pictures was obtained when the vehicle was some 1,120 miles 
from the Moon 16 min. 42 sec. before impact; it showed an area of 
approximately 180,000 sq. miles in the neighbourhood of the Sea of 
Clouds. This had about the same resolution as the best pictures obtaina¬ 
ble by large telescopes on Earth. 


Spaceflight. November 1964 
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Three Steps in Space 

Seven frenzied days of space activity ended on March 24 with the 
Ranger 9 spacecraft coming down on target in the crater Alphonsus and 
securing 6,000 more pictures of the lunar surface. The day before Major 
Virgil Grissom and Lt. Cdr. John Young had performed a near-faultless 
three-orbit mission in their GT-3 Gemini spacecraft, provingtheability to 
make orbital manoeuvres by controlled rocket thrust. 

Despite these considerable achievements, it was the Russians who 
stole the "show" on March 18/19 with the dramatic flight ofVoskhod 2 in 
which the cosmonaut co-pilot Lt. Col. Alexei Leonov emerged from the 
craft in orbit to perform the first human experiments in space. The pic¬ 
tures of this operation, secured by an externally-mounted television 
camera, are among the most dramatic which human eyes can expect to 
see. Leonov, clad in a pressure-suit with pressure bottles strapped to his 
back and tethered by a line, was seen emerging from an airlock behind 
the pressure cabin, moving slowly to the end of the vehicle and launch¬ 
ing himself gently into space. His easy movements about his centre of 
mass and the way he was able to control his motions by arm actions (and 
possibly rejected air from the suit) gave a hint that future extra-vehicular 
operations involving the assembly and refuelling of spacecraft in orbit 
might be less difficult than had been envisaged. 

Meanwhile, the step of achieving a rendezvous between two orbiting 
spacecraft must now be high on the Soviet agenda. With characteristic 
regard for the spectacular, it is doubtful if they will miss the opportunity 
of exchanging cosmonaut co-pilots in space. 


Spaceflight, May 1965 


The Surface of Mars 

On August 15 a brilliantly conducted experiment in space exploration 
reached its climax with the close approach of the NASA space probe 
Mariner 4 to the pjanet Mars. 

Mariner 4 has revealed the scientifically startling fact that at least part 
of the Martian surface is covered with large craters. This is a profound 
fact which leads to far-reaching fundamental inferences concerning the 
evolutionary history of Mars and further enhances the uniqueness of 
Earth within the Solar System. 



France in Orbit 


Spaceflight, November 1965 


The launch on February 20, 1962 of Mecury-Atlas 6 carrying 
Astronaut John Glenn in the Friendship 7 spacecraft on the 
first US manned orbital flight. 

The Gemini 6 and 7 spacecraft in close proximity during the 
first space rendezvous in December 1965. 


On November 26, at Colomb-Bechar in the Sahara, France succeeded 
at the first attempt in launching a 93 lb test-satellite into an elliptical orbit 
ranging in altitude between 330 and 1125 miles. 

The Government decided in April 1964, to build launch facilities for 
sounding rockets and satellite launch vehicles in French Guiana. French 
Guiana's location in the equatorial zone at 5.3 degrees north latitude 
makes it possible to fire toward the east, i.e./the Atlantic (with a firing 
angle between - 20 degrees and + 100 degrees) and therefore to make 
use of the Earth's eastward rotation. 

Owing to the technical features of the new proving grounds, it is pos¬ 
sible that other countries would wish to use it for civilian scientific or 
technical purposes. A study is already in progress on the use for the pro¬ 
ving grounds by ELDO (European Space Vehicle Launcher Development 
Organisation). Since 1960 France has supported the idea of European co¬ 
operation in the space field and has actively participated in the work of 
the two existing organisations - ELDO and the European Space 
Research Organisation (ESRO). 

/ 

Spaceflight, February 1966 

The Lunar Explorers 

On May 25 1961, before a joint session of Congress, the late President 
Kennedy announced the go-ahead for project Apollo with these words: 

"/ believe that this nation should commit itself to achieve the goal, before 
the decade is out, of landing a man on the Moon and returning him safely 
to the Earth. No single space project in this period will be more impres- 
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In lunar orbit. This view of the Apollo 15 command and service 
modules was taken from the lunar module shortly before 
rendezvous and docking. 


The Apollo 17 space vehicle at Launch Complex 39Apriorto 
launch of the sixth and final scientific lunar expedition of the 
Apollo Proaram. 



sive to mankind, or more important for the long-range exploration of 
space, and none will be so difficult or so expensive to accomplish." 
Today, with the Apollo programme well up to schedule and NASA still 
anticipating the first manned landing by 1970, planning groups are now 
busy formulating the next steps to be taken in manned lunar explora¬ 
tion. " 

Sixty-five university and government scientists have recommended 
that the United States use the first manned landing on the Moon as the 
starting point for a 10-year lunar exploration programme mainly involv¬ 
ing manned missions. 

Top priority recommended forthe early Apollo landing mission is the 
return of the greatest possible number and variety of lunar material sam¬ 
ples (from dust to rock-size pieces). 

Second priority forthe early Apollo missions would be the emplacing 
of the Apollo Lunar Surface Experiment Package (ALSEP) by the 
astronauts. Next in priority would be traversing the lunar surface to 
describe topographic and geologic features and to supplement this with 
stereoscopic photographs. 

The scientific requirements call for stay times up to 14 days and 
traverses of one or two suited astronauts aboard roving vehicles up to 
nine miles from the point of landing. 

Spoc&tight, May 1966 

Europe in Space 

As powerful space rockets lift off from Cape Kennedy and the Soviet 
cosmodrome of Tyura Tam, it is easy to forget that the space age really 
dawned in Europe. It was at the Peenemunde rocket establishment bet¬ 
ween 1938 and 1944 that man first mastered the engineering techniques 
of large rockets. 

A quarter of a century after these pioneer achievements on the Baltic 
coast of Germany, a new surge of activity is slowly gathering momen¬ 
tum in Western Europe vested in the desire to participate in a new age of 
hurftan affairs of enormous scientific, technological and cultural signifi¬ 
cance. It is heartening that in these activities the countries concerned 
regard themselves as a technological family, seeing their future not in 
isolation but ultimately as partners in a world development. Inthefurth- 
erance of these ideals, theastronautical societies play a leading role and 
the annual European Symposium on Space Technology, organised 
jointly by the ALIR, BIS, DGRR and SFA, supported by the industrial 
association of Eurospace, is now a recognised forum. 

Sp»oMght, June 1966 

Soviet Space Stations 

Writing in the newspaper Krasnaya Zvenda, Professor Georgi 
Pokrovsky says "one of the most urgent tasks of cosmonautics is the 
manoeuvring of spaceships." A rendezvous between spaceships, the 
assembly of a large habitable station in orbit and the assembly of satel¬ 
lite launch platforms for interplanetary traffic- all these are items on the 
agenda. Another problem connected with manoeuvring in space "is to 
ensure a joint flight of several spaceships in a definite formation." 

SpscwfNght, June 1966 

Orbit of Pioneer 6 

On March 2, Pioneer 6 passed the Earth at a distance of 7.76 million 
miles after 76 days of near-perfect operation in heliocentric orbit. The 
spacecraft was launched against the direction of the Earth's orbital 
motion around the Sun on December 16 so that it lost speed in solar 
orbit. The reduced velocity caused the spacecraft to drop behind the 
Earth and thus fall in toward the Sun. 

The craft is following a 311 day elliptical path inside the Earth's orbit 
of the Sun, but after the initial slow-down caused by the backward 
launch direction, the spacecraft began to speed up as it moved closer to 
the Sun on its new orbit. 

Designed to study the space between the planets, Pioneer 6 regis¬ 
tered a solar wind speed of 1,636,000 mph on February 23, this was close 
to the highest speed previously recorded on 1,675,000 mph by Explorer 
8 in Earth-orbit. Early results from the spacecraft suggest that 
phenomena in space are even more complex that previously imagined. 


Right: The Eagle returning from the Moon's surface as photographed by Michael Collins. 
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By providing a wide-angle scan around the full circle and an extremely 
high rate of data return, a "picture" of solar space is being obtained 
which is ten times more detailed than previous measurements. 

Spotlight. July-J966 


First Moon-Satellite 

On March 31, at 11.47 am BST, a multi-stage rocket rose from a launch 
pad of the Tyura-Tam cosmodrome in Kazakhstan to place the Luna 10 
spacecraft into a parking orbit close to the Earth. This was the beginning 
of another major triumph for Soviet space technology-the orbiting of a 
540 lb sputnik around the Moon. 


SpacwfUght, July 1966 


Nimbus Triumph 

The largest weather satellite yet placed in orbit. Nimbus 2, on July 15, 
passed its final test objective of two months of continuous operation. 
Since then it has been used continuously for extensive infrared photo¬ 
graphic coverage of hurricane breeding areas in the Atlantic Ocean. 

Launched from California on May 15 the 912 lb experimental weather- 
eye worked perfectly during two months of 24-hr-a-day-operation, in a 
near-polar, circular orbit 700 miles above Earth. 

To bolster the coverage for this year's hurricane season, NASA 
engineers focussed Nimbus 2's sensitive infrared detectors on the 
search for hurricane breeding areas. 


Specaffight. November 1966 * 


In Lunar Orbit 

At 12.36 pm EDT on August 23 the Lunar Orbiter 1 spacecraft was 
commanded to make a photograph of the Earth from its position in orbit 
around the Moon. The frame exposed was one of those periodically 
required to maintain proper position of the film in the spacecraft camera. 

The purpose of the photograph was to obtain data, long of interest te 
scientists, on the appearance of the Earth's terminator (line dividing the 
sunlit and shadowed portion of the planet) as viewed from a distance of 
about 240,000 miles. While from Earth the Moon's terminator is a shar¬ 
ply-defined line, atmospheric effects diffuse the sunlight and yield a 
view of the Earth's terminator as a gradual shading from lightto dark. 

The photograph of Earth was read out from Lunar Orbiter by the Deep 
Space Network tracking station at Goldstone, California, on August 25. 

Spsc^hght. January 1967 


Planetary Billiards 

Spacecraft tours of the 1970's may use a system of "planetary bil¬ 
liards" ricocheting via gravitational drag from one planet to the next, 
according to Dr. Homer Joe Stewart, manager of the Advanced Studies 
Office of the Jet Propulsion Laboratory, Pasedena. 

Dr. Stewart notes that Gary Flandro, in a JPL study for the National 
Aeronautics and Space Administration, postulates that an eight to nine 
year Grand Tour passing Jupiter, Saturn, Uranus and Neptune is possi¬ 
ble starting in 1978. The unmanned spacecraft would be redirected at 
each planetary approach. The gravitational force would enable the craft 
to pick up added energy as it changed course. "It would pick up extra 
energy for nothing," says Dr. Stewart. 

The possibilities are fascinating. Larger effects could be achieved in 
fly-bys-of other planets which have greater masses or, in the case of 
Venus, higher orbital speed. Jupiter, with a mass 317 times that of the 
Earth, has such a strong gravitational field that large deflections and 
changes in speed are possible. Computations show that the spacecraft, 
launched with presently available boosters, would have greatest chance 
of a successful Grand Tour to Neptune and beyond if launched in 
October 1978. 

Spm*4Bght, May 1967 



This exceptional photograph, taken during the second Apollo 12 
extravehicular activity on November 20, 1969, shows two US 
spacecraft on the surface of the Moon. The Surveyor III spacecraft 
is in the foreground and the Apollo 12 Lunar Module is about 600 
feet away in the background. Astronaut Charles Conrad 
examines the Surveyor's TV camera prior to detaching it. 
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An excellent view ot the desolate lunarscape showing Scientist- 
Astronaut Harrison H. Schmitt working at the Lunar Roving Vehi¬ 
cle during the second Apollo 17 extravehicular activity at the 
Taurus-Littrow landing site. This is the area where Schmitt first 
spotted the orange soil. 

NASA 



NASA in 1967 

Forthe United States in space, 1967 was a year of many significant 
achievements despite the tragedy of the January Apollo fire. Major high¬ 
lights of the year in the civilian space programme of the National 
Aeronautics and Space Administration were: 

• Successful launch of Apollo spacecraft aboard the first Saturn V. 

• Mariner V probed the atmosphere of the planet Venus. 

• Lunar Orbiter completed photography of the Moon. 

• Major discoveries by three Surveyors landed on the Moon. 

O Explorer XXXV provided new information about the Moon's environ¬ 
ment. 

• ATS-III gave the first continuous weather pictures of Earth in colour. 

• New world's speed record in the X-15 aircraft. 

• An ultra-violet chart of the surface temperature of the Sun. 


First Men Around The Moon 

A perfect launch, a 69-mile lunar-orbit, live television pictures of the 
Earth, Moon and spacecraft interior, Christmas lunch in space and a suc¬ 
cessful re-entry and recovery: these were the highlights of man's his¬ 
toric first moonflight achieved by Apollo 8. The three astronauts were, of 
course, USAF Colonel Frank Borman (Commander), USN Captain James 
Lovell (Command Module Pilot) and USAF Major William Anders (acting 
Lunar Module Pilot). 


ESRO’s First Interplanetary Probe 

The European Space Research Organisation's first interplanetary 
physics research satellite, HEOS-A1 (Highly Eccentric Orbit Satellite), 
was successfully launched from Complex-17B at Cape Kennedy by a 
Thrust Augmented Improved Delta on December 5, 1968. Its scientific 
mission is to study interplanetary physics, especially magnetic fields, 
cosmic radiation and solar wind (outside the magnetosphere) and the 
Earth's Shock-wave. The achieved initial orbit ranged between 424 and 
223 428 km inclined at 28.28 degrees to the equator. 


Man On The Moon 

One of the most outstanding events in the evolution and continuing 
history of Man occurred on July 21 1969 when two United States 
astronauts of the three-man Apollo 11 spacecraft became the first 
human beings to set foot upon our nearest planetary neighbour, the 
Moon. In realising one of mankind's greatest dreams and aims, while on 
the lunar service the two astronauts - Neil Armstrong and Edwin Aldrin 
- planted a symbolic national flag, took numerous photographs, 
deployed scientific experiments, collected surface samples and unveiled 
a plaque which aptly summarised their historic mission by the inscrip¬ 
tion: 

HERE MEN FROM THE PLANET EARTH 
FIRST SET FOOT UPON THE MOON 
JULY 1969 A.D. 

WE CAME IN PEACE FOR ALL MANKIND 

Following this activity thetwo astronauts successfully lifted-off from 
the lunar surface in the ascent stage of the Lunar Module to rejoin their 
companion, Michael Collins, orbiting the Moon in the Command and 
Service Modules before returning safely to Earth on July 24,1969, eight 
days after the start of their historic journey of adventure and exploration. 

SfMcaftyta. September 1969 
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Jack Lousma during a Skylab EVA 
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German/US Sun Probe 

Agreement on the most advanced international scientific space probe 
yet undertaken has been reached between the Bundesminister fiir wis- 
senschaftliche Forschung (BMwF) of the Federal Republic of Germany 
and the National Aeronautics and Space Administration. The advanced 
mission, known as Flelios, consists of a pair of solar probes which will 
carry ten scientific experiments closer to the Sun (approximately 28 mill¬ 
ion miles) than any spacecraft so far scheduled. They will be launched in 
1974 and 1975 respectively. 


Sp mj fS t/ht , October 1969 

UK Participation in Intelsat iV 

During 1965 the first satellite communications system to enter com¬ 
mercial service was inaugurated by Intelsat I, or Early Bird as it was com¬ 
monly known at the time. Overthe past four years the international Intel¬ 
sat organisation has steadily extended commercial satellite communica¬ 
tion capabilities, first with the Intelsat II satellites and more recently with 
Intelsat III. 

A further extension to this service is now planned and will be provided 
by Intelsat IV. The associated programme is now in an advanced 
development stage and the spacecraft, which will begin to enter service 
in 1970-71, will permit a larger number of Earth stations to operate with 
a greater number of communication channels. 

The contract for designing and providing Intelsat IV spacecraft has 
been placed with Flughes Aircraft Company of El Segundo, California. A 
considerable proportion of the programme is, however, being underta¬ 
ken outside the USA. 

All spacecraft design is done at Flughes, though the foreign com¬ 
panies involved are assisting in this. British Aircraft Corporation, for 
instance, has a design team of 30 people at Flughes specialising in par¬ 
ticular in design of the structure, power sub-system, position and orien¬ 
tation sub-system, bearing and powertransfer assembly and the system 
test equipment. The prototype, and first flight model will be built and 
tested at Flughes. BAC is responsible to Flughes at that stage for leading 
an Anglo/French/German group which will comprise a major part ofthe 
teams providing test-integration of these spacecraft. 

The design and development stage commenced in November 1968 
and continues until early 1970 when the prototype completes its test 
programme. Fourflightspacecraftthen become available for launch bet¬ 
ween July 1970 and March 1971. 

So—November 1969 

A Soviet Year in Space 

Last year (1969) marked one of the most active and successful years 
in Soviet space activity with a total of 70 launchings. As during the previ¬ 
ous seven years the most numerous satellites were those forming part of 
the Cosmos programme. Flowever, Soviet space activity advanced on a 
broad front. The first two launchings of the year were of automatic sta¬ 
tions destined to make parachute descents in the atmosphere of Venus 
during May. A few days later, two manned Soyuz spacecraft in orbit 
around the Earth linked together to form the world's first 'Orbital Sta¬ 
tion'. Towards the year's end three more manned Soyuzcraftwereto be 
placed into orbit simultaneously. 

-Two 'Meteor' class weather satellites were launched, and twofurther 
Molniya 1 communications satellites were orbited to supplement exist¬ 
ing vehicles of this class and expand the 'Orbita' network. Luna 15 was 
placed into orbit around the Moon and, less than a month later, Zond 7 
successfully circumnavigated and photographed the Moon before 
returning to Earth to make a soft landing in the Soviet Union. Finally, in 
the field of international co-operation, two Intercosmos satellites made 
their appearance. 

SpmcitKght. May 1970 

New Generation Tiros 

First of the improved TIROS Operational Satellites, TIROS-M, was 
successfully launched by a Delta-76from the SLC-2westlaunch complex 
ofthe Western Test Range, California, on January 23. The launcher was 
the first of the Delta family to employ six solid-propellent strap-on boos¬ 
ters. 
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Space 


by Frank Miles 

Head of Independent Television News' space unit. 


It all began around Christinas 1968 - after the voy¬ 
age of Apollo 8 round the Moon. At that time I was a 
writer in ITN's newsroom and I went to the producer of 
the 'space unit' to ask if I could join him. it seemed to 
me that an actual landing on the Moon was going to be 
the greatest news story not only of my professional 
life, or even my entire life, but the greatest news story 
in history. Surely any journalist would want to work on 
The Big One. He took me on and thus we come to the 
title of this article. 

ITN, watched by between 20 and 24 million people a 
day, now has five programmes a day: 


News at One- 
News at 5.45- 

Channel 4 News- 

Super Channel ... 

News at Ten... 


watched by about 3-4 million, 
watched by the largest audience of 
any TV news programme in the 
country, around 11 million, 
the most comprehensive of our 
bulletins, with much more 
background to the news than 
others. 

a new half-hour programme with a 
potential audience of 20 million in 
14 countries. 

the original half-hour TV news, 
watched by about 9 million people 
every night. 


To be worthy of consideration for national television 
news, space stories need at least one of the following 
elements: 

# A major "first" in space. 

• A disaster. 

• A good pictorial content. 

# A direct concern to our audience (like danger or 
cost). 

• A human interest. 

# A strong British interest. 

If one can combine a "scoop" with any of these, in 
journalism one is really in business. 


A Major First 

It has been customary to lead all our bulletins with 
the major firsts, such as the first Sputnik, the first man 
in space, the first spacewalk, the first lunar landing, the 
first Space Shuttle, and so on. But it is not always 
"firsts" as such.... we did all the Apolloflights as special 
programmes and the first three Shuttle flights were 
specials too. 


Disasters 

Challenger blew up at around five o'clock in the 
evening. Within minutes we were on the air with a 
newsflash and stayed on the air with what we call "an 
openender" - a programme which has no firm "out" 
time. 

During that live programme and subsequently in 
each of our bulletins for the next few days, we showed 
that moment of disaster time and time again. At first it 
was screened every few minutes because at that time 
many people were travelling home from work so every 
few minutes produced a new audience who had not 
seen it. 


A Good Picture 

As a programme editor, I must identify the best pos¬ 
sible pictures. This is where television excels - its abil¬ 
ity totakethe viewer right to the scene. We do not need 
to describe in words, as newspapers and radio do, what 
driving around on the Moon was like, or a Shuttle 
launch, or the Challenger disaster - one can see it for 
oneself. 
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Frank Miles discussing the future of the US space shuttle with 
former astronaut Sally Ride, the first US woman to fly in space. 

Public Concern 

One such concern is the cost of space to Britain. But 
presentation can be a problem. Referring back to the 
need for a picture to illustrate a story, it is difficult to 
illustrate the desire of, say, the BNSC to get more 
money to spend on space. How do you illustrate some¬ 
one asking for money and someone else refusing it? 

One space story that invariably gets the phones 
ringing is the one that tells people something is about 
to fall out of the sky, maybe on their headsl The danger 
has been there several times. 

Human Interest 

Sending a man into space is infinitely more exciting 
to viewers than sending a dog, mice or brine shrimp. 

What, then, if the man were to be British? Well, 
now.... the fact a Britain- was to fly in space was con¬ 
firmed to me by a Rear Admiral's refusal to deny itl I 
rushed to the telephone and rang ITN. It was put into 
News at 5.45 and dealt with more fully on News at Ten. 
Incidentally, a few days later the Prime Minister (who 
had been abroad when we ran the story) was asked in 
the Commons about our report and she said “it's not 
true'. But two weeks later, the MoD admitted it was 
true. 

Strong British Element 

A recent example, enhanced by the element of a 
scoop, began early in 1983 when I was told that Britain 
might have its own independent launch vehicle. The 
story went dead on me... until late that year when first I 
was told it would be a single-stage-to-orbit vehicle, 
then that it would have a top-secret propulsion unit, 
then that it would take off and land horizontally. It 
sounded exciting but I was warned, it was so top-secret 
I could not run anything on it. 

However, one day in the summer of 1984, I was 
astonished to find that - as a project - it was to be made 
public at the Farnborough Air Dispaly. Its name was 
Hotol (Horizontal Take Off and Landing). Back at ITN I 
saw the editor at once and we broke the story on News 
at Ten the next night. Within minutes the ITN switch¬ 
board was jammed. 

The Press Association carried a story that night say¬ 
ing the MoD and Rolls Royce denied knowing anything 
about such a project. Next day British Aerospace rang 
and read me a statement they wereto issue which actu¬ 
ally confirmed everything we had said. 

Britain is likely to lose the lead we could have had 
with Hotol. Partofthereason isthis businessof keeping 
from the media things that need not, in fact, be secret. 
While many other nations with a space programme are 

_hyping their sometimes inferior wares, in the UK we are 

engaged in hiding our very substantial lights under the 
biggest bushels ever. 

The subject of this article was the title of a lecture by Mr. Miles to the British 
IntarptaneorySociety on March 17,1967. 
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Primary mission of the new weather satellite was to observe day and 
night cloud cover in the visible and infrared spectra for live transmission 
to world-wide users, to observe global cloud cover daily in the visible 
and infrared spectra and to record these data for later playback and pro¬ 
cessing. Secondary objectives were to gather heat balance data and to 
identify proton flux levels at the spacecraft altitude. The 682 lb spacecraft 
is boxshaped with three solar panels attached at one end; with panels 
deployed the width is 14ft. 

Sfs^WSght. May 1970 

Japan: Fourth into Orbit 

After four unsuccessful attempts, Japanese space engineers suc¬ 
ceeded in launching an artificial satellite into orbit in February, thus 
becoming the fourth member of the exclusive 'space club'whose mem^ 
bers are nations who have orbited satellites. 

The satellite, the fourth stage of a Lambda 4S5 rocket, is taking two 
hours and 24 minutes to complete one circuit of the globe. 

Spmc^HgM. July 1970 

‘We have a problemV 

An explosion in the Service Module (SM) of the Apollo 13 spacecraft 
en-route to the Moon was to characterise the most agonising, exacting 
and tense manned space flight yet undertaken. It happened at 04.08 BST 
on April 14, 1970 when the astronauts were some 200,000 miles from 
Earth. Commander James Lovell announced: 'We have a problem!'. 

Just how great the problem was soon became apparent. The loss of 
vital services to the Command Module (CM) threatened the very exis¬ 
tence of the crew who were forced to use the docked Lunar Module as a 
'lifeboat' for four tense and dangerous days. 

Between Houston Mission Control and the astronauts, the most 
incredible rescue operation was put into effect. Drawing upon the LM's 
life-support, power and propulsion systems, the crippled Apollo 13 was 
able to divert its course around the Moon, sustain the crew, and achieve 
a safe return to Earth. 

Throughout the ordeal. Mission Control relayed to the astronauts 
computer data, instructions and words of encouragement. Without the 
dedicated efforts and technical expertise of ground personnel, supt 
ported by e superb computing and simulation complex, there can be lit¬ 
tle doubt that James Lovell, Fred Haise and John Swigert would have 
perished. 


Sffc^Hght. September 1970 

Record Flight of Soyuz 9 

All duration records for manned space flight were broken by the 
Soyuz 9 spacecraft which completed 286 orbits of the Earth between 
June 1 and 19, during a mission lasting 424 hr 59 min. The record was 
previously held by Gemini 7 astronauts Frank Borman and James Lovell 
who completed 206 revolutions in 330 hr 35 min in December 1965. The 
longest previous Soviet spaceflight was that of Vostok 5 cosmonaut Val¬ 
ery Bykovsky in June 1963; his 81-orbit mission lasted 119 hr 6 min. 

SpocWHght. September 1970 

LUNOKHOD 1 

After moving down the ramp of the Luna 17 descent stage on 
November 17, Lunokhod 1 had travelled 198 metres by November 21. 

During its first days o n the Moon the eight-wheeled mobile laboratory 
performed a number of experiments under Earth supervision which 
ranged from the analysis of moonrock to studies of X-rays from remote 
parts of the Universe. 


SeaceK&t. March 1971 

East-West Space Co-operation 


SPACEFLIGHT, Vol. 29, October 1987 


An encouraging step towards world cooperation in astronautics has 
been an agreement between the USSR Academy of Sciences and NASA 
which includes the exchange of moon rocks and discussion of future 
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planning for the exploration of the Moon and the planets. Also listed for 
joint consideration are 'the improvement of existing weather data 
exchange, research with meteorological rockets,- techniques for study¬ 
ing the natural environment, and the expanded exchange of data in 
space biology and medicine'. 

Whether this degree of collaboration will lead to joint activity in Earth- 
orbit aboard orbiting space laboratories and joint planetary expeditions 
only time will tell. Last year small teams of US and Soviet engineers met 
in Moscow to consider the possibility of standardising rendezvous and 
docking procedures for future manned spacecraft to facilitate space 
rescue. 

The text of the present agreement, which follows discussions held in 
Moscow between January 18/21,1971, was initialed by Academician M. 
V. Keldysh, President of the USSR Academy of Sciences, and George M. 
Low, Acting Administrator of the National Aeronautics and Space 
Administration. 


SfmaMght. August 1971 


Mars From Orbit 

Within a week of Mariner 9 starting to photograph and probe the sur¬ 
face of Mars from orbit, scientists reported the following findings: 

1. Mars has a large equatorial bulge - a surprise discovery. 

2. The planet is 'gravitationally rough', exerting a strong gravitational 
field globally and locally. Local 'gravitational anomalies' may be 
caused by 'mascons', concentrations of dense material similar to 
lunar mascons lying beneath the Moon's maria or dry seas. 

3. Water vapour, with its implications for life, is present in some abun¬ 
dance in the atmosphere over the South Polar Cap. This is the first 
measurement of water in the Martian atmosphere by a spacecraft, 
although in 1969 Earth-based studies detected water in the Martian 
atmosphere. 

4. Mars is hot, but slightly cooler than recorded by previous US Mariner 
probes in 1965 and 1969. The Martian daytime high is aboqt^O deg. 
Kelvin with the temperature peaking at mid-afternoon, not at noon. 
The nighttime high is about 200 deg. Kelvin. 

5. The temperature of the Martian atmosphere is a constant 350 deg. 
Kelvin from near surface out to 40 km. 

6. The great dust storm shrouding Mars was clearing, affording 
Mariner's twin TV cameras an opportunity to photograph craters and 
mountains and other interesting surface features. Neither the con¬ 
stituents of the storm nor its cause had been identified. 

The findings were announced on November 19, by chief scientific 
investigators for the Mariner 9 project during a Press Conference at 
California's Jet Propulsion Labouratory (JPL), control centre for the Mars 
mission. 

Sft»cmftight. February 1972 

The Space Shuttle 

A statement by President Nixon, January 5,1972: 

"I have decided today that the United States should proceed at once with 
the development of an entirely new type of space transportation system 
designed to help transform the space frontier of the 1970's into familiar 
territory, easily accessible for human endeavour in the 1980's and 90's. 

This system will centre on a space vehicle that can shuttle repeatedly 
from Earth to orbit and back. It will revolutionize transportation into near 
space, by routinizing it. It will take the astronomical costs out of 
astronautics. In short, it will go a long way toward delivering the rich 
benefits of practical space utilisation and the valuable spinoffs from 
space efforts into the daily lives of Americans and all people.... 

The new system will differ radically from all existing booster systems, 
in that most of this new system will be recovered and used again and 
again - up to 100 times. The resulting economies may bring operating 
costs down as low as one-tenth of those of present launch vehicles." 

Sfxmfhfffrt. April 1972 


Triumph of Sky lab 

After the huge success of Charles Conrad and his crew in salvaging 
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Nix Olympica, the gigantic volcanic mountain on Mars photo¬ 
graphed by Mariner 9 in January 1972. The mountain is more 
than twice as broad as its most massive counterpart on Earth. The 
main crater at its summit is 65 km (40 miles) in diameter. 

A boom on the Viking 1 spacecraft extends meteorological sen¬ 
sors four feet above the Martian surface. A notable feature of the 
landscape is the field of dunes which are remarkably similar to 
many seen in the deserts of the Earth. 
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The five ASTP crewmen during an inspection of a mockup of 
the Apollo and Soyuz spacecraft in a docked configuration at 
the Kennedy Space Centre. L to R. - Vance Brand, Tom Staf¬ 
ford, Alekei Leonov, Valeri Kubosov and Donald Slayton. 

Apollo—So yuz 
Test Project 

It was May 1972 that the then President of the 
United States. Richard M. Nixon, signed an agree¬ 
ment with A.N. Kosygin, Chairman of the Soviet 
Council of Ministers, for mutual cooperation in man¬ 
ned space flight. The three years that elapsed bet¬ 
ween that date and 1975 provided both sides with a 
unique opportunity for working together on a com¬ 
patible rendezvous and docking operation that 
would be demonstrated in flight during a short dura¬ 
tion mission involving two space vehicles developed 
for a very different purpose. Apollo had been 
designed to carry three men to the vicinity of the 
Moon; Soyuz was a ferry vehicle for space station 
operations and formed the mainstay of future Soviet 
activity in Earth orbit. 

The incompat : bilty of Apollo and Soyuz docking 
and environmental control systems necessitated the 
development of a structua) interface which would 
simultaneously serve as a docking adapter and air¬ 
lock. The chosen design was 10 ft 4 in long and 4 ft 8 
in. in diameter, ample space for two astronauts to 
remain inside during pressure adjustments and crew 
transfer from one vehicle to the other. The Soyuz 
spacecraft normally flies with an oxygen-nitrogen 
atmosphere at about 15 lb/in 2 but consultation with 
Soviet engineers brought an agreed reduction to 10 
lb/in 2 for the duration of the docked activity. Apollo, 
pressurised with almost pure oxygen at 5 lb/in 2 , 
remained the same and the 4,500 lb. Docking Module 
had responsibilty for supplying the necessary gas 
mixture and pressure regulation for crew transfer. 

At 16:55 the two spacecraft swept into ATS cover¬ 
age. At 17:05 Soyuz went to inertial hold and rolled 
60 degrees to present the correct alignment with the 
Docking Module. Slowly Stafford pulsed the reaction 
control thrusters from the left command module 
couch and moved Apollo into dock with Soyuz at 
17:09. Just 13% minutes later the docking system 
was fully retractred and the two vehicleswere locked 
firmly together. Approach speed at soft capture was 
just 1 ft/sec and from the Russian spacecraft came 
the comment, "Soyuz and Apollo are shaking hands 
now!" 

An historic moment of ASTP was the signing during the 
rendezvous of the official joint certificate. Cosmonaut Valeri 
Kubosov is seen here adding his signature. 
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the crippled Skylab space Station, NASA is now preparing to launch the 
second astronaut team on Friday July 27, 12 days earlier than originally 
planned. 

After docking with Skylab on May 26, the astronaut team first suc¬ 
ceeded in erecting a 22 x 24 ft. 'parasol' made of layers of nylon. Mylar 
and thin aluminium foil, from a scientific airlock in the side of the orbital 
workshop, which effectively lowered internal temperatures. On June 7, 
a daring EVA repair operation by spacewalkers Conrad and Kerwin then 
succeeded in freeing the jammed solar 'wing', restoring a large part of 
the station's electrical power. 

SpecefUght. August 1973 

Europe's Spa celab 

An unprecedented new international cooperative project is provided 
for in a Memorandum of Understanding signed in Washington on Sep¬ 
tember 24 last by Dr. James C. Fletcher, NASA Administrator, and Dr. 
Alexander Hocker, Director General of the European Space Research 
Organisation (ESRO). Nine countries, under the aegis of the European 
Space Agency, will design, develop, manufacture and deliver a 
'Spacelab' flight unit which will be an important element of NASA's 
Space Shuttle system. Spacelab will have two elements, a pressurized 
manned laboratory module permitting scientists and engineers to work 
in normal shirt-sleeve environment and an instrument platform, or pal¬ 
let, to support telescopes, antennae and other equipment requiring 
direct space exposure. 


Spaceflight. April 1974 

Encounter With Mercury 

Between March 23 and April 3 Mariner 10 took over 2,000 television 
pictures of the planet Mercury. In addition it carried out searching inves¬ 
tigations of the planet's magnetic field and of the interaction of this field 
with the interplanetary plasma, it measured Mercury's ultra-violet and 
infra-red radiatiorr, and has given us a new estimateofthe planet's mass 
of unprecedented accuracy. 

Spaceflight, August 1974 

Aryabhata in Orbit 

India's first Earth satellite, named Aryabhata after the great fifth cen- 
turV'astronomer and mathematician, was placed into orbit on April 19, 
by a Soviet two-stage Intercosmos rocket from the cosmodrome at 
Kapustin Yar near Volgograd. The orbit achieved - very close to design 
values - ranged between 564 and 623 km inclined at 50.4 deg. to the 
equator; period 96.41 min. 


Specefhght, Aug/Sept 1975 

Ariane - ESA Heavy Launcher 

The original concept of this multistage rocket (known as the LS3) was 
proposed by the French space agency CNES (Centre National d'Etudes 
Spatiales) and subsequently offered as a European project during the 
European Space Conference of December 20, 1972. At this meeting the 
French Minister for Industrial and Scientific Development reiterated that 
his country was still very interested in a European heavy launcher - a 
statement made against the background of the declaration that ELDO'S 
Europa 2 rocket, which had suffered a number of failures, was not viable 
and should not be used again. The LS3 would be a little less costly to 
develop than Europa 3 (the concept then favoured to follow Europa 2), 
and France was willing to undertake the bulk of development, supplying 
about 60% of the funding in return for receiving the main contracts. 

Spaceflight. February 1976 

Second German Sun Probe 

Helios B, the second solar probe built in West Germany under a 
cooperative agreement with NASA, was successfully launched from 
Cape Canaveral on January 15, Launched by a Titan IIIE/CentaurTE 364- 
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4, the probe follows its twin, Helios 1, which ascended from the Cape on 
December 10,1974. 

The German/US research programme - already paying large 
dividends in the quality of information concerning interactions between 
the Sun and the Earth - is the largest European international space ven¬ 
ture to date. 

Spscmfiight. March 1976 

The Rising Sun 

Seven Japanese satellites are now orbiting the Earth, all of them 
launched by Japan with its own means from facilities near Kagoshima or 
on Tanegashima Island. The first six were developed and placed into 
orbit under the auspices of the Ministry of Education by the Institute of 
Space and Aeronautical Science (ISAS), University of Tokyo. The last 
one - ETS 1 (Engineering Test Satellite 1), launched on September 9, 
1975 - marks the debut, in space operations and applications, of the 
National Space Development Agency (NASDA), now Japan's most 
important space organisation. 

Spsc^fUght, March 1976 



Ultraviolet view of Venus, Mariner 10, February 1974. 
Utopia Planitia, Mars, Viking 2, September 1976. 


On The Golden Plains of Mars 

The landing of Viking 1 was incredible in its textbook precision. Its 
smoothness from the separation of the Lander from the Orbiter to the 
Lander touchdown astounded all of us who have been conditioned to 
expect hairy problems and miscalculations on interplanetary missions. 
The 599 kg (1,320 lb.) automated laboratory came down at 8 ft/sec at 12 
hr. 12 min. 7 sec. GMT July 20, in Chryse Planitia, the Golden Plains, at 
22.4 degrees north latitude and 47.5 degrees west longitude. It was 4:13 
pm Mars local time. 

Sf>sc&fNght, October 1976 

Soyuz 22 

On September 15, 1976, at 09.48 (all times expressed in GMT), the 
Soviet Union launched Soyuz 22, carrying a two-man crew-Comman¬ 
der Valery Bykovsky and Fit. Eng. Vladimir Aksyonov. Bykovsky had first 
flown as pilot of Vostok5 in June 1963, while Aksyonov, selected in 1973, 
had not flown in space before. * 

The main aim of the mission, undertaken underthe programme of co¬ 
operation among Socialist countries in the exploration and peaceful 
uses of outer space, was to "check and improve scientific and technical 
methods and meang of studying from outer space geological and geog¬ 
raphical features of the Earth's surface, in the interests of the national 
economies of the Soviet Union and East Germany." 

To accomplish these tasks Soviet engineers had modified the back-up 
ASTP Soyuz. Primarily, this involved removing the ASTP androgynous 
docking equipment and replacing it with a special photography canister. 

This canister housed the MKF-6 multispectral photography complex, 
designed by Soviet and East German specialists, and manufactured at 
the Carl Zeiss factory in Jena, East Germany. Apart from the ASTP 
Soyuz, which carried some American equipment, this was the first time 
that foreign equipment had been carried onboard a Soviet manned 
spacecraft. However, foreign equipment had been used many times in 
Soviet unmanned satellites launched under the Intercosmos prog¬ 
ramme. 

Sptcmftight. February 1977 



Computer enhanced view of Saturn, Voyager 1 and 2,1981. 

On Humanity’s Role in Space 

The role of humanity in space seems to fall naturally into two 
categories: 

1. The utilisation of humans in space, with their unique capabilities and 

attributes in order to serve the direct and indirect needs of human¬ 
kind. 

2. The existence of humans in space for humanistic interests, including 

sociological, societal, political and ethical reasons. 

In this view, the Humanisation of Space is seen as a dichotomy: seek¬ 
ing ways to open up space for humanity, and bringing space down to 
Earth for use by humanity. 

Spmi^tbght. February 1978 
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The New Landsat 

On March 5,1978 the National Aeronautics and Space Administration 
launched a new, improved satellite from the Western Test Range in 
California to monitor the Earth's natural resources. The 900 kg (1,980 lb.) 
Landsat 3 entered a 917 km (570 mile) circular, near polar orbit. Circling 
the globe every 102 minutes, its remote sensors view a 185 km (115 mile) 
wide strip of the Earth running nearly north-to-south at an angle to the 
equator of 99 deg. 

In this type of orbit, surface coverage of the Earth proceeds westward, 
with a slight overlap, such that the globe is covered once every 18 days. 
The spacecraft's orbit is synchronous with the Sun. Thus Landsat 3 (like 
Landsat 2) crosses the equator at the same time (9:30 a.m. local time) 
every orbit. This results in consistent and constant lighting of Earth, the 
best condition for the spacecraft's imaging systems. Synoptic, repetitive 
coverage of Earth's surface under consistent observation conditions is 
required for maximum utilisation of the multispectral imagery. 

August 1978 

Tiros-N Weather Satellites 

The first in a series of eight new operational meteorological satellites 
- the TIROS-N series -was launched from the Western Test Range near 
Lompoc, California, on October 13. The new satellites are designed to 
replace the current NOAA series spacecraft and incorporate major 
technological advances. 

SpecmfUght, January 1979 

Black Holes and Globular Clusters 

Data from an American-British-European satellite, the International 
Ultraviolet Explorer (IUE), suggest the possibility of a massive black hole 
at the centre of some groups of stars in the Galaxy called globular clus¬ 
ters. 

Six of these clusters, three of them X-ray sources, have been the sub¬ 
ject of close examination by a group of scientists headed by Dr. Herbert 
Gursky and Dr. Andrea Dupree, both of the Harvard-Smithsonian Centre 
for Astrophysics, Cambridge, Mass. 

IUE was launched by NASA into a modified synchronous orbit near 
the equator in January 1978, in cooperation with the European Space 
Agency (ESA) and the British Science Research Council (SRC), to study 
a wide range of celestial objects in the ultraviolet (UV), one of the most 
important regions of the electromagnetic spectrum. 

Spaceflight. January 1979 

First Navigational Satellite System 

Navigation by satellite has escaped much of the publicity associated 
with other space applications such as communications and Earth 
resources observation, yet today many hundreds of ships regularly 
obtain navigation fixes of higher accuracy than can be obtained by any 
other method from observation of Earth-orbiting satellites. The satellites 
that provide this service form part of the Transit system. 

Transit is a mature operational programme. There are currently six 
satellites in use and another was ready for launch in 1978 if required. The 
first of the improved Nova type scheduled for launch in 1979. However, 
the new NavStar navigation satellites of the joint services Global Posi¬ 
tioning System are now being flightrtested and will eventually provide a 
continuous high-accuracy navigation service not only for shipping but 
also for aircraft, ground troops, other spacecraft and general civilian 
applications. 

Spaceflight. February 1979 

Remote Manipulator System 

Canada is contributing "a mission critical" elementto the Space Shuttle. 
It is the Remote Manipulator System (RMS) which is an analogue of the 
human arm. The RMS will be able to perform such duties as transferring 
astronauts from a disabled Orbiter to a rescue vehicle, repair, recalibra¬ 
tion and even retrieval of malfunctioning satellites. 

Spaceflight. December 1979 
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USSR Space Station Plans 

A recent interview by the deputy Director of the Soviet Space 
Research Institute has thrown new light on Russian space plans for the 
1980s. 

Professor Georgi Narimanov outlined the three main objectives of the 
Soviet piloted programme: 

0 Developing reusable transport and ferry systems 
0 Finding the correct balance of cosmonauts and automation in 
operating orbital stations 

0 Setting up space stations with crews of 20 to 30 cosmonauts orbiting 
for two to three years. 

Experience gained with Progress and Soyuz spacecraft would help 
with the design of reusable Shuttle craft which would have two stages, 
both recoverable. However, the most unusual aspect of the interview 
was when the Professor stated that "to obtain maximum lift capacity for 
the first stage it will probafoly use an air-breathing engine." 

Large stations, which will follow the advanced Salyut, will be made up 
of modules which can be docked with a central service area. Such mod¬ 
ules will be standardised and of either cylindrical or spherical form. 

A number of inferences can be drawn from this interview. First it gives 
us a good idea as to the size of space station the USSR is working 
towards. Such a station would require a Shuttle carrying a load of eight 
to ten crew members to make operations economically viable. 

Second, it confirms the approach of linking different modules and 
units together to build up such a station, highlighting the need for a 
space tug, of which Cosmos 929 was almost certainly the precursor. 

Third, whilst it confirms that the USSR is very much involved in Shut¬ 
tle development, the interview confuses the issue further as to the true 
nature of the Soviet Shuttle. Two years ago there was some speculation 
that the Russians might use air-breathing hypersonic flyback aircraft. If 
this is the case it shows them moving on a very different track from the 
Americans, one which Western research in the 1960s appeared to regard 
as unpromising. 

The timing of the introduction of the Soviet Shuttle is still unclear. 
This interview, because of its lack of precision, indicates this will be later 
rather than sooner. 

Spaceflight, May 1980 

UV Satellite Reports 

The International Ultraviolet Explorer satellite, launched in 1978, has 
provided scientists from 17 countries with more than 9,000 images of 
astronomical objects that could not be obtained by ground-based instru¬ 
ments. Nearly 200 scientists have used these images in support of about 
250 research programmes and more than 100 scientific papers have 
been written about the results of these observations. The satellite is 
helping to answer the most basic questions in astronomy - what stars, 
nebulae and galaxies are and how they develop. 

Spacafrght, May 1980 

The Voyager Project 

On November 12, one of the world's most spectacular space missions 
reached its climax when Voyager 1 flew behind the rings of Saturn to 
record with cameras and other instruments how sunlight is affected as it 
shines between the ring particles. The spacecraft which left Cape Canav¬ 
eral on September 5, 1977 had previously returned superb colour pic¬ 
tures of Jupiter and a number of its moons and a wealth of scientific data. 
The close encounter with Saturn included an examination of the moon 
Titan - bigger than the planet Mercury - Mimas, Dione and Rhea. 

SpecafNght, February 1981 

Encouraging Results in Materials Processing 

The experiments carried out by the Salyut crews so far have con¬ 
firmed that production at micro-gravity can substantially improve the 
quality of various materials, both organic and inorganic. 

The use of holography in metallographic studies has for some time 
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Atlantis clears the launch towerto begin its first mission in space, 
October 3,1985. 


Ariane "propellant mock-up" for testing of launch procedures, 
February 1979. 
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been pioneered in the Soviet Union by the Moscow Institute of Steel and 
Alloys, but for the needs of materials-processing research in space an 
entirely new, portable holographic installation had to be designed by the 
Moscow Physics-Technical Institute. 

We may also expect substantial improvements in the electric heating 
installations used in such work. The Splav and Kristall furnaces were 
designed to attain maximum temperatures of 1,000-1,200°C. 

All this should substantially increase tfcje range of materials prepared 
in mirco-gravity conditions and make it possibleto proceed gradually to 
pilot-plant production of the most promising of them in orbit. 

SQMcmMght, May 1981 

The Voyage of Columbia 

It has been a long wait; almost six years since an American manned 
spacecraft has been counted down. Years of great emptiness, of paper 
plans, hearings, problems foreseen and unforeseen, months and years 
of delay as NASA sought to turn concepts into hardware; a multitude of 
tiles that were not everything they must be, main engines that were sub¬ 
ject to violent explosions. At times, it seemed as if launch day (April 12, 
1981), like the end of the rainbow, would always be just beyond reach. 
But suddenly, launch day is at hand. Columbia is ready to set out on a 
voyage of exploration to the unknowns of the multi-shock waves of such 
an unusual configuration, through the vacuum of space and finally the 
first Mach 25 re-entry and landing of a winged vehicle. 

In a London press conference on June 19, Columbia commander 
John Young said that lift-off was very "soft", like a fast elevator. Before 
the flight he thought that it would be like being "hit on the back of the 
head with a hammer". Noise levels in the cabin were also less than on 
Apollo-Saturn V launches. 

Spacwffight, Aug/Sept/Oct 1981 

Ariane into Space 

The events of June 19 at Kourou in South America spread a glow of 
well-being down the corridors of ESA headquaters in Paris. Ariane L03 
took off at 12.32.59 GMT carrying three satellites (Meteosat 2, Apple and 
CAT-3) into a highly eccentric orbit of 201.3x36,206.7 km. Since the plan¬ 
ned orbit was 200 x 35,800 km it represents an accuracy to within about 
1 per cent. 

October 1981 
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Voyager 2 at Saturn 

In the early hours of August 26, Voyager 2 swept past the planet 
Saturn in a close encounter. Pictures of the rings and satellites of higher 
resolution than those from Voyager 1 were obtained, until the craft 
emerged from behind the planet and revealed that its camera platform 
was jammed. This problem was solved and Voyager went on to com¬ 
plete its mission. 

The magnificent successes of Voyager, like those of Viking, shows 
what can be achieved in the exploration of the Solar System. If all goes 
well. Voyager 2 will reach Uranus in January 1986 and Neptune in 
August 1989. 


Sp*aff^it, November 1981 


Satellites to the Rescue 

The Soviet Union's COSPAS satellite was launched on June 30,1982 
as part of the international COSPAS/SARSAT demonstration project in 
which the United States, Soviet Union, Canada and France are using 
space technology for finding civil aircraft and ships in distress. 

The project located four accident sites and saved seven lives in its first 
month of operation. 

S^mcmf§ifht, February 1983 


IRAS in Orbit 

The Infrared Astronomical Satellite (IRAS) was placed accurately into 
its 900 km orbit by a Delta 3910 from the Vandenberg Air Force Base in 
California on January 26. Although the launch went without incident, it 
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was in doubt until the last hour or so due to very strong winds at 12,000 
m. It was not until the final meteorological report was received that all 
was "go" for launch. 

Sft^^hght. June 1983 

Flight of Spacelab 

Originally scheduled for September 30, various technical and equip¬ 
ment problems pushed the launch of STS-9 back to November 28. 

The main objective was to test the entire Spacelab system. This 
involved evaluation not only of the hardware and experiment, but also 
data transmission to Earth, ground support procedures and flight crew 
work. 

Spm^fKght. April 1984 

ESA Satellite Moved 

With the growing number of satellites in the geostationary orbit, 
36,000 km above the equator, the increasing risk of collision between 
working and deactivated satellite has to be faced. This orbit is vital for 
communications and weather satellites. The only practical control is to 
remove satellites once they have reached the end of their useful 
lifetimes. ESA recently carried out such a move with GEOS 2. Launched 
in 1978, with a planned life of two years, GEOS, designed to measure 
electric and magnetic fields as well as particle streams in the magnetos¬ 
phere, proved such a valuable tool for scientists that its mission was 
extended until the end of 1983. Its work came to an end as the fuel supply 
for orbit and attitude control ran out. 

On January 24 and 25, the European Space Operations Centre in 
Darmstadt, west Germany boosted GEOS into a higher orbit where it will 
present no risks either for satellites in the geostationary orbit or forthose 
in transfer orbit. This is the first time that ESA has decommissioned and 
removed one of its satellites from the geostationary orbit. 

Spac 0 tBght, June 1984 

Repair of Solar Max 

On February 14, 1980, a 2300 kg astronomical satellite was launched 
by NASA from Cape Canaveral into a 570 by 563 km orbit. After several 
days of tests, it was ready to begin gathering data on the Sun, then in a 
period of maximum activity. This task gave the satellite its rather un¬ 
imaginative name: the Solar Maximum Mission or, simply, "Solar Max". 

Unfortunately, on November 23,1980, three fuses in the attitude con¬ 
trol system blew, leaving Solar Max with no fine-pointing capability for 
four of its six telescopes. 

Fortunately, Solar Max was the first of a new generation of satellites 
specifically designed for in-flght servicing. Thus, in early 1981, before 
the Shuttle had ever flown, plans were formulated for a rescue in the 
spring of 1984, when the satellite's orbit would have decayed to within 
the Shuttle's range. 


. October 1984 


Aerobee Retires 

Aerobee, the sounding rocket that paved the way for manned space 
flights and deep probes into space, retired on January 17, with its 1037th 
launch. The flight, from White Sands Missile Range in New Mexico, offi¬ 
cially concluded a long and prodigious record that spanned more than 
37 years. 


Sftac^Vght. July/August 1985 


Soviet Space Agency 

A civilian Soviet space agency has been formed by the USSR to act as 
a counterpart to the American NASA and othefr national space agencies. 

Called Glasvko§mos-an acronym for the Main Administration for the 
Creation and Use of Space Technology for the Economy and Scientific 
Research-its primary function will be to manage Soviet space science, 
space applications and co-operative international space ventures. 



The Proton rocket has been the workhorse for Soviet space 
activities since the mid 1960's. 

Aerobee research rocket launch from Wallops Island. 



SPACEFUGHT. Vol. 29, October 1987 


Spac^Hght. January 1986 






1957 


Years 


3 0 


of S p 


Venus Unveiled by Vega Probes 

On June 9, Vega 1, which was launched on December 15, 1984 drew 
close to the planet after travelling some 500 million kilometres. Explo¬ 
sive charges were then fired automatically, causing the Venus descent 
capsule to separate from the other part of the spacecraft, which will visit 
Halley's comet. 

In the early morning of June 11, the descent module hurtled into the 
Venusian atmosphere at about 11 km per second. It was then about 125 
km above the planet's surface. 

This capsule then divided into a landing module and a balloon-carried 
sensor module, as planned. The former made a successful soft landing 
on Venus' surface, whilst the balloon section began to drift at an altitude 
averaging about 50 km. 


Spaceflight. February 1986 

Voyager Returns Uranus Picture 

The first clear picture of Uranus was returned by the Voyager 2 
spacecraft at the end of November while it was still eight weeks away 
from the planned close encounter with the giant planet on January 24. 

Scientists at the Jet Propulsion Laboratory, Pasadena, California, 
which has managed the epic Voyager mission to the outer Solar System, 
used computers to combine six images returned by the spacecraft's nar¬ 
row angle camera on November 28. 

They were taken from a distance of 72.3 million kilometres and clearly 
show the outer, or epsilon, ring which lies some 51,200 km from the 
planet's centre. This is the most prominent of Uranus' nine known rings. 

The closest approaches to Uranus and its satellites all occur within 
five and a half hours, which compares unfavourably with the spacec¬ 
raft's previous encounters with Jupiter (35 hours) and Saturn (13 days). 
One reason for this is the unusual axial tilt which places the planet and 
its moons in one plane relative to Voyager. » 


Spaceflight. February 1986 

72 Seconds to Disaster 

Challenger rose off the launch pad at 1638 GMT on January 28 and 
was climbing smoothly when it suddenly exploded in a hugh fireball 
about 90 seconds after lift-off. Debris from the 100 ton spacecraft came 
down over the Atlantic Ocean about 29 kilometres down range from the 
Cape Canaveral launch site. 


Spaceflight. March 1986 

Space Station Build-up Begins 

On March 12, the Soviet space programme broke with tradition and 
gave its first advanced notice of a space launching scheduled forthe fol¬ 
lowing day.Themission wasthefirstofa seriesof launchingstothe new 
Soviet space station, Mir, which was placed in orbit on February 20. 

The start of manned operations at the space station is to be led by vet¬ 
eran cosmonaut Leonid Kizim and space endurance record holder 
Vladimir Solovyov. 

The new space station has six docking ports for manned or unman¬ 
ned capsules ferrying to and from the Earth. Its launch, by a Proton boos¬ 
ter, is seen as the first stage in Soviet plans to form a new modular space 
station complex. 


Spaceflight. April 1986 

ESA’s Giotto Encounters Halley 

Shortly after 1 am on March 14,1986 on the third floor ofthe European 
Space Operations Centre (ESOC), Darmstadt, Germany, spontaneous 
applause rippled from one room to the next. These were the rooms in 
which the scientists with experiments aboard the ESA satellite Giotto 
had their data receiving instruments. Here they had sat for most of the 
day anxiously waiting to see if years of work would bring success or fai¬ 
lure. 



Spaceflight. May 1986 
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Japanese Launch Heralds New Era 

The launch of Japan’s newly developed H-1 booster on August 13 put 
the West back on the space map following successive Space Shuttle, 
Titan, Ariane and Delta failures in the first half of 1986. For Japan, a coun¬ 
try which has already proved its tenacious ability to capture massive 
consumer markets in the electronics and car industries, it also marks the 
dawn of a new era. 

Early in 1986 NASDA initiated development of the H-ll rocket which 
will serve as a successor to the N-l, N-ll and H-l launch vehicles. 

The H-ll rocket is designed to serve as NASDA's main workhorse in 
the 1990s to meet the demand for larger satellite launches at a lower 
launching cost and still maintain a high degree of reliability. 

Spaceflight, November 1386 


Spacemen at Mir 

On February 7, 1987 the Soyuz TM-2 spacecraft docked at Mir space 
station and cosmonauts Yuri Romanenko and Alexander Laveikin took 
up residence for an expected record-breaking stay in space. The docking 
manoeuvre followed a night-time launch two days earlier from 
Baikonur. 


Spaceflight. March 1987 


First Launch of Carrier Rocket 

The Soviet Union launched the first version of its Heavy Lift Launcher 
called Energia (Energy) at 1730 GMT on May 15. It had been revealed on 
May 13 during a three day visit to the Baikonur Cosmodrome by Soviet 
leader Gorbachev that preparations were underway for the launch of "a 
new general-purpose carrier rocket capable of putting both re-usable 
orbital craft and large spacecraft for scientific and economic purposes 
into low orbit, ipqluding modules for long-term stations". 


Spaceflight, July 1987 

Mir Mission: Third Solar Array Installed 

Two EVAs, on June 12 and 16, have enabled cosmonauts Romanenko 
and Laveikin to instal a third solar array on Mir thereby increasing its 
power to well above the 10 kW provided by the station's original two 
arrays. The new array was carried up to Mir onboard the Kvant module 
launched on March31. 


Spaceflight, August 1987 

Soviet Earth Survey Platform 

The largest civilian Earth survey spacecraft ever launched was put 
into orbit by the Soviets on July 25. 

Weighing between 15 and 20 tons, the Earth resources/ocean survey 
platform was launched by the Proton booster. 

The spacecraft, designated Cosmos 1870, carries multi-disciplinaiy 
science instruments that will provide information for hydrology, cartog¬ 
raphy, geology, agriculture and the environment. 

The platform, similar to but larger than the US Earth Observing Sys¬ 
tem planned for launch in 1996, will supply the newly formed Soyuzkarta 
organisation with data for sale world-wide. As such it will compete with 
the US Landsat and French Spot satellites in an area of space develop¬ 
ment that is likely to expand dramatically by the end of the century. 

Soyuzkarta has been set up by the Soviet Department of Geodesy and 
Cartography to sell photographs of the Earth taken from space. 

A training centre has been set up in Dushanbe, Tajikistan, to teach 
foreign specialists how to interpret space photographs. 


Spaceflight, September 1987 


Orbital operations in progess at the Mir space station complex. Extra power is now available 
at the station following the addition of a third solar array. Further scientific modules, like the 
Kvant module, are expected to dock at the station and significantly enlarge its range of 
activities before the end of 1988. 
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Listening to the Cosmonauts 

by J. Branegan 

Manned Soviet spacecraft transit UK air space fivetimes a day on at least 
150 days each year. When near the UK these craft make regular use of sim¬ 
ple VHF radio communications - the signals are strong and can easily be 
copied. 


It might appear at first sight that 
nothing useful could be gained from 
listening to these signals unless the lis¬ 
tener is fluent in Russian. This is far 
from being the case, the Space Station 
is like a house-when empty it is silent, 
but when occupied it is alive with 
sounds of all kinds, many of which 
have nothing to do with the actual 
voice communications themselves. 
Are the cosmonauts leaving?, or are 
they going outside on EVA? Are they 
enjoying themselves, or are they over¬ 
worked? All this and a great deal more 
is revealed by the way in which 
downlink communications are used 
and by the background noises which 
are inadvertently superimposed on 
them. Anyone with a simple amateur 
radio 144 to 28 MHz converter attached 
to a Citizens Band FM radio can listen 
to and learn from these microphones 
in space. 

Where Can The Cosmonauts Be Heard 

Figure One shows a great circle map 
centred on the English Midlands. The 
inner circle enclosing the UK and most 
of Western Europe is the Mir space sta¬ 
tion footprint. If a Mir orbit enters this 
inner circle it is above the UK horizon 
and any transmissions from the com¬ 
plex will be heard in the UK. 

However, Mir does not talk to UK 
stations. So the outer circle is also 
important, because it defines the geog¬ 
raphical limits inside which any distant 
ground station or ship can talk to Mir, 
and hence, cause Mir to be heard in the 
UK. It will be noted that this allows UK 
stations to hear Mir as it talks to sta¬ 
tions to its east in Russia, or to Russian 
Communications ships as far away as 
Nova Scotia, Canada, or the Straits of 
Gibraltar. 

As Figure One shows there are usu¬ 
ally five orbits crossing UK air space 
each day. On the diagram these orbit 
tracks are numbered in sequence on 
the approach part of each track, before 
it gets above the UK horizon. The five 
daily in-range orbits form a continuous 
sequence. Separation between in 
range portions is about 94 to 96 
minutes, so the five orbit block takes 
about six and a half hours to complete. 
Then, for the succeeding 17.5 hours, no 
Mir orbits pass in range of the UK. 

When in range of Russian Ground 
Control stations or ships, the Mir 
downlink signal is transmitted on a fre¬ 
quency of 143.625 MHz frequency 
modulation. The signal is strong and 
requires no special reception facilities. 


Figures three and four show frequen¬ 
cies used by other Russian space¬ 
craft. 

When Can The Cosmonauts Be Heard? 

Careful listening to the VHF 
downlink can produce a useful picture 
of the cosmonauts' day. As there are at 
present only two of them, they are 
working a standard "Moscow Time" 
day, in order to keep in step with their 
Ground Controllers. "Office Hours", 
are therefore usually 0500 UT to 2000 
UT, with weekends featuring a relaxed 
procedure, whereby they can "miss" 
several orbits and not be heard at all, 
or, more often, they can use the 
downlink to talk to their families. 

There is one important additional 
feature which governs when they are 
likely to be heard. This is the steady 
precession of the plane of the Space 
Station orbitr, which moves a little 
under six degrees west (24 minutes of 
time) each day. The practical effect of 
this precession is shown in Figure two, 
an adaptation of a standard Kettering 
Group plot, showing all orbits heard in 
the UK between April 14 and June 17, 
1987. The gradual shift of the orbit 
plane moves the "fiveorbits in rangeof 
the UK" earlier each successive day, 
with the result that in just over two 
months the "in-range orbits" window 
has cycled through 24 hours. In April 
the first orbit of the window is just 


heard, late in the cosmonauts' day. By 
May the orbits heard are occurring in 
the morning and early afternoon, and 
by mid June the orbits heard have 
crossed the cosmonauts "Sleep Time" 
gap, and are being heard in the late 
evening. The important point about 
Figure Two is the 2100 UT to 0500 UT 
sleep period. The dearth of orbits 
heard on either side of this gap mean¬ 
ing that on some days only one orbit is 
heard in UK. 

This pattern can be expected to 
recur regularly: 

Start mid June late evening. End mid 
August 

Start mid August, end late October 87 
Start late October, end late December 
87 

Please note, however, that the 
Space Station may not be manned dur¬ 
ing the winter months. 

Monitoring Procedure 

The first requirement is to set up a 
simple dipole aerial and a VHF 
receiver, or, a converter to an FM, CB 
receiver, and then simply get used to 
listening to andtape recording the sig¬ 
nals. It is important to record every¬ 
thing, whether the cosmonauts are 
talking or not. Every time the signal is 
present take a record, then when you 
play the tape back after the orbital pass 


Fig. 1. Mir Space Station - typical series of orbits in range of UK. 
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Fig. 2. Kettering plot of Mir space station orbits heard in UK, April to June 1987. 


is overyou will notethatthe gaps when 
no one is speaking often contain lots of 
Other'noises. Cosmonauts do not talk 
on every orbit, sometimes missing two 
or three successively, or worse still, 
only starting when deep into Soviet air 
space and about to fade below the UK 
horizon. 

Listen carefully to the noises on the 
tapes. You should be able to pick out 
the steady hum of the ventilation fans 
and the rest of the air purification 
equipment as a steady almost constant 
background noise, and superimposed 
on this you will hear lots of other 
machines whose noise output is not 
steady. Some of the noises are cyclic 
repeating every 20 seconds or so, 
some are spasmodic, but all add to the 
general picture when the space station 
is fully operational. Indeed, it is when 
you do not hear these background 
noises that you can expect interesting 
things to happen. 

In addition to the hum of the fans 
and the groans and shudders of the 
pipe work, the downlink also re-broad¬ 
casts several discrete radio signals. 
This situation arises because the cos¬ 
monauts usually listen to at least four 
other incoming radio uplink signals on 
loud speakers, and every time they 
broadcast on the downlink they re¬ 
broadcast whatever is coming out of 
their loud speakers. 

By listening regularly, itwill become 
easier to pick out these superimposed 
radio signals. The most commonly 
heard is the Russian Ground Conrol 
operator, whose speech is often re¬ 
broadcast for long periods when he is 
in conversation with the cosmonauts. 
Now and again a new voice will 
intrude, perhaps with a timing out of 
step with the normal orbital separa¬ 
tion. This may lead to a change in the 
cosmonauts' flight schedule, with the 
communications ship having taken up 
that position in order to cover a vital 
part of an orbit or an experiment. 

Voices can be compared from one 


tape to the next and newcomers can be 
easily identified, as can the equally 
important changes in voice quality of 
already identified personnel. Very 
often voice quality or procedure 
changes precede important mission 
changes. Only by acquiring a thorough 
knowledge of what the normal space 
station sounds like, does it become 
easy to identify important changes or 
omissions. The paragraphs which fol¬ 
low describe some of these changes 
and omissions, in the context of 
specific incidents. 

Icecold Rescue 

There have been many incidents 
and many surprises in the period 1985 


to 1987and all could be detected from 
"sound clues" on the downlink. 

In June 1985 the Salyut 7 space sta¬ 
tion was the object of a special rescue 
mission. After some difficulty in align¬ 
ing and docking with the errant space 
station cosmonauts entered and 
started to try to bring it back to life. 

For several days they used only the 
121.75 MHz downlink of their Soyuz 
ferry craft, for though the hatches bet¬ 
ween their craft and Salyut were open, 
the station was dead with no machin¬ 
ery noise whatsoever. Eventually the 
rescue party managed to organise 
enough electric power to realign 
Salyut's solar panels and start a battery 
charge, but it was some-time before 
they had enough power to allow them 
to use Salyut's own 142.42 MHz 
downlink and the reason for this was 
very clear on their brief communica¬ 
tions. The inside of the Salyut station 
was freezing cold. Any attempt at com¬ 
munications produced two effects, 
"firstly the Cosmonauts breath froze as 
they spoke and hit the microphone 
with a rattle of ice particles and sec¬ 
ondly opening their mouths to speak 
let in a draught of cold air which rapidly 
froze their vocal chords and swiftly ter¬ 
minated the conversation. It took more 
than a week for Salyut to be unfrozen 
and it was several more weeks before 
Salyut became truly habitable, with a 
full complement of machinery noise 
back on the downlink announcing that 
normal service had been restored. 

Medical Emergency 

In mid November 1985 the long stay 
crew in Salyut had a rather terse con¬ 
versation with the "Zarya" (Dawn) 


The Mir and Salyut 7 space stations captured in a singleframeasthey passed through the constellation of 
Draco over the skies of West Germany. One of the stations shows a distinct flash as it passes the star Eta 
Draconis The photograph was taken by D. Fischer during the Soviet 'space taxi' activities of mid-1986. 
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Fig. 3. Soviet space station communications links. 
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Ground Station Controller,followed by 
several exchanges using scrambled 
speech. For several days thereafter 
normal voice communications in plain 
language were resumed, but in all 
cases the exchanges were brief in the 
extreme. Then, on November 20, a new 
feature emerged as machinery noise 
began to disappear from the downlink 
background. Machines were clearly 
being shut down and left shut down. It 
was no great surprise therefore when 
the cosmonauts made no transmis¬ 
sions the next day and this surmise 
was confirmed 24 hours later (48 hours 
after the shut down started) when 
TASS announced that the mission had 
been terminated because of a medical 
emergency ( Spaceflight , January 
1986, p. 19) 

A New Space First 

On May 5,1986 the resident crew in 
Mir were strangely silent. Next day, as 
Salyut 7 passed over the UK with its 
attached Cosmos 1686 broadcasting 
loudly on its 19.955 MHz beacon, a sec¬ 
ond signal intruded using the Soyuz 
ferry frequency of 121.75. A quick 
check revealed that allowing for fre¬ 
quency difference the doppler curves 
of the Soyuz and the Space Tugs trans¬ 
missions were the same. So they were 
very close or in touch, whereas Mirwas 
still 10 minutes orbit time and nearly 
3000 km to the West. 

A very quick check of tape record¬ 
ings soon established that this was not 
a new launch, the voices in the Soyuz 
were those of Kizim and Solovyev, the 
recent residents of Mir, who had now 
clearly moved over to Salyut. 

Ninety minutes later this was con¬ 
firmed when Kizim broadcast from 
Salyut on the 142.42 MHz downlink to 
announce their arrival. Apparently the 
station was cold and the cosmonauts 
returned to Soyuz for a warm night's 
sleep, checking communications from 
there before shutting down for the 
night. Next morning the cosmonauts 
started up Salyut's machinery and in 
the orbits which followed a good 
record of the switch-on and setting to 
work of the machinery was obtained. 


Monitoring EVA Activities 

On the morning of May 31, 1986 
Salyut was far to the east of the UK 
over Tyuratam when the 20.008 MHz 
HF downlink frequency came alive with 
cosmonaut chatter. For five minutes 
the signal was propagated to the UK 
via the ionosphere, with Kizim and 
Solovyev being audible with the now 
familiar gold fish bowl tones of men in 
space suits on EVA outside Salyut. 
Eighty minutes later the signal came 
up again as Salyut approached the UK, 
then as Salyut skimmed the UK's south 
east horizon, duplicate transmissions 
were audible on 121.75 and 142.42 
MHz, a typical "Safety First" f^VAcom¬ 
munications feature. 

By the time that Salyut reappearfed 
on its next in-range orbit the situation 
had changed. The bassy goldfish bowl 
speech had gone, but the relatively 
poor audio quality indicated that the 
two cosmonauts though back inside 


Salyut, were still in their space suits, 
and still using their space suit com¬ 
munications, albeit with helmets off. 

Launch And Docking 

Spacecraft launched from Tyuratam 
in Soviet Central Asia are out of range 
of UK stations on VHF, but they car. 
sometimes be heard on an HF 
shortwave receiver via ionospheric 
propagation. The incident described 
below illustrates the sort of launch to 
docking communications a UK station 
may hear. 

At about 1234 UTon March 13,1986 
Leonid Kizim and Vladimir Solovyev 
were launched from Tyuratam in 
Soyuz T 15 bound for the new Mir 
Space Station. This was announced as 
a long duration, 50 hour intercept and 
docking manoeuvre and the first signs 
heard in the UK were at about 1426 UT 
on the 13th when the 20.008 beacon 


A simple dipole aerial, CB set and converter-basic equipment for listening to the cosmonauts. 
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was heard from Soyuz via ionospheric 
propagation. A signal to the UK from 
the mid-Pacific as this was, is not that 
unusual and happens regularly with 
other Soviet satellite signals propa¬ 
gated via the ionosphere. Later that 
day, at 1836 UT, the Soyuz beacon on 
20.008 MHzwasheard again intheUK, 
and this was followed almost 
immediately at 1840 UT by reception of 
the Soyuz VHF downlink voice channel 
on 121.75 Mhz. 

On the following day only faint 
20.008 Mhz beacon signals were heard 
as Soyuz passed near the UK,'but on 
March 15 at 1537 UT the 121.75 VHF 
signal was heard clearly- as Soyuz 
docked with’ Mir. The two craft then 
proceeded to orbit together, with the 
20.008 MHz being heard very strongly 
as it was switched on and off by the 
cosmonauts, until at 1839 UT the cos¬ 
monauts were heard for the last time 
on 121.75 VHF FM. 

Next day the cosmonauts estab¬ 
lished communications on the stan¬ 
dard Mir frequency of 143.625 MHz FM 
and thereafter that was the only VHF or 
HF frequency in general use. This pat¬ 
tern has been observed in several 
launch to docking sequences since 
1984. 

Data Links, Geosat Relays, Comships 

In 1986 listeners to the VHF 
downlink from Mir regularly heard re¬ 
broadcasting of a series of tone signals 
and a pip tone sequence which had 
not been present in Salyut. These sig¬ 
nals seemed to appear when Mir was 
connected to a geostationary relay 
satellite. When, in February 1987, a 
new pair of cosmonauts re-activated 
the Mir station, these extra signals 
were absent. Did this mean a geos¬ 
tationary problem? 


At the beginning of March 1987 a 
second clue was added when the Mir 
cosmonauts were heard talking to 
someone on the Western side of the 
Atlantic somewhere near the Gulf of 
Saint Lawrence. Quite quickly the 
source of these signals, heard re- 
broadcast on the Mir downlink, was 
resolved as the Communications Ship 
Yuri Gagarin, moored in international 
waters off Sable Island, Nova Scotia, 
Canada. The use of a communications 


ship in this position was at variance 
with the availability of a geostationary 
relay covering the same (and a much 
greater) area. One or the other was 
superfluous, hinting that perhaps the 
geostationary relay was no longer 
operational. 

This raised a further question mark. 
Mir was scheduled to receive a special 
Science Module. Most science mod¬ 
ules produce masses of data and need 
wide band data links to large ground 
based computers. This type of link is 
only possible with a microwave geos¬ 
tationary relay, as the orbital dynamics 
and low-Earth orbit propagation prob¬ 
lems operate against the use of a mic¬ 
rowave channel direct from a low orbi- 
ter such as Mir, straight to the ground. 
So, given these technical imperatives, 
how would Mir operate its science 
module? 

As yet the answer is not clear. How¬ 
ever, there has been no lack of clues, 
noting that since late March 1987 the 
Mir downlink has been used normally 
to establish contact as the spacecraft 
entered Soviet air space. Then on sev¬ 
eral occasions, as soon as firm contact 
has been established, the VHF link has 
switched from voice transmission to 
high speed data transmission which 
continued as the spacecraft dropped 
below the UK eastern horizon. 

Transmission modes have featured 
both Phase Shift Keying and a noise 
modulated mode only heard previ¬ 
ously on Soviet military orbiters. As 
received in the UK these signals were 
not of a quality to support computer 
data transfer. This incident is therefore 
far from closed. 


The Equipment You Need 

There are various equipment packages available for listening to cosmonauts. 
The simplest takes an old CB set, puts it on Channel 3 27.6225 MHz Fre¬ 

quency Modulated and connects to its aerial input a Microwave Modules Con¬ 
verter (MMC 144/28) available from Microwave Modules, Brookfield Drive, Ain- 
tree, Liverpool for £37.95. The converter is fed by a simple dipole aerial or any 
Radio Amateur 2 m 144 MHz aerial. It is fortuitous that this cheap converter is 
just right to convert Cosmonaut 143.625 to CB 27.625 approx. 

If a Shortwave receiver which can receive FM (many cannot) is available it can 
be used with the same converter. Tuned to 27.625 it will receive Mir, and tuned 
to 26.420 it will receive Salyut if it ever re-opens, or perhaps more likely, use 
142.42 for their Shuttle missions. 

There are commercial VHF receivers available but they are expensive: 

YAESU FRG 9600 costs £479 approx. 

AR 2002 costs £459 approx. 

ICOM R 7000 costs £859 approx. 

There are also Japanese Shortwave receivers fitted with their own VHF con¬ 
verters. Cost shown includes converter. 

TRIOR 2000 costs £808. 

YAESU FR 8800 costs £739. 

All this equipment receives a strong signal on a quite simple aerial. Big aerial 
beams are not advisable, small ones work fine. 
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Top left: Author pointing to the elevator and 
azimuth servo motors. The grey box on the 
inside of the parapet houses coaxial relays 
and pre-amps for UOSAT and NOAA. Both 
Yagi antennas are for UOSAT, the left hand 
one is part of the Unilab education equip¬ 
ment and the right is the original antenna 
connected to the scanning receiver. Top 
right: 2.2m dish receiving from Eutelsat FI. 
The A-level student is checking the weights 
holding down the omni-directional antenna 
for NOAA. Above left: Student operating 
BBC computer dedicated to satellite 
activities. Above: Two antenna on sub roof 
only slightly eclipsed by surroundings. The 
helical antenna i& part of the Feedback 
weather satellite receiving system used to 
receive NOAA pictures. The antenna on the 
left, also for NOAA, is supplied with the 
Unilab satellite receiving equipment. Left: 
The control box on the right switches 
antenna connections and pre-amps to the 
scanning receiver (on left). 
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Industry Backs College Satellite Project 

Colin Planterose, head of Science at Godaiming Sixth Form College, 

Surrey, England, describes the setting up of a satellite downlink system 
and its educational value. 


Introduction 

In 1985 it was felt that a Satellite 
Downlink system was a practical prop¬ 
osition for the College to undertake. 
Information on the University of Sur¬ 
rey Satellite (UoSAT) was becoming 
more readily available and educational 
value could be seen in exploiting its 
output. Equipment needs were 
researched with the aid of books, 
magazines and a visit to a local radio 
ham's rig. The College was fortunate 
that at this stage the County Science 
Inspectorate agreed to provide £800 to 
buy a scanning receiver, two antennas, 
parts for a control box and coaxial 
cable. The scanning receiver system 
was installed and a control system con¬ 
structed so that an omni-directional 
antenna (NOAA) or a Yagi antenna 
(UoSAT) could be switched into its 
input. Signals were quickly detected 
from many satellites. 

Industry Lends A Helping Hand 

Approaches were also made to sev¬ 
eral companies involved in space and 
electronics and the College began to 
receive offers of equipment on a gift or 
loan basis. 

The first offer came from Precision 
Antennas who suggested that we 
might be able to use a 2.2 m parabolic 
dish. We visited the company and were 
shown two dishes and decided we 
could use both. The 2.2 m dish is now 
picking up signalsfrom Eutelsat F2 and 
a smaller dish will be used for 
Meteosat. Precision Antennas kindly 
allowed us to use their design for a 
Meteosat feed. A student constructed it 
and the company then tuned it to the 
correct frequency. The output from the 
feed connects to the scanning receiver 
via a downconverter. This unit was 
funded by British Aerospace. 

The College then took up the offer 
made by Racal Decca of the long-term 
loan of a complete weather satellite 
receiver system. This proved particu¬ 
larly attractive since almost instantly 
we were obtaining weather pictures 
from NOAA and, a little later, pictures 
from Meteosat 2. The delay with the 
latter was due to a fault in the 
downconverter of the receiving sys¬ 
tem. This was put right by an engineer 
from Marconi Space Systems. 

A Marconi electronics engineer 
helped with the College system as part 
of the company's contribution to 
Industry '86 Year. The scanning 
receiver system then acquired its own 
BBC computer, courtesy of British Pet¬ 
roleum and a disc drive from Cumana. 

Towards the end of 1986 an 
approach was made to Sat-Tel to help 
with a satellite TV receiver. The 
receiver, together with a polarising 


switch, duly arrived and negotiations 
with the Science Inspectorate and 
County Hall produced a low noise con¬ 
verter and a three tonne steel-and-con- 
crete antenna support system for the 
College roof. 

The systems installed to date and 
departments concerned are: 

1. Scanning receiver, omni-directional 
antenna, Yagi antenna, BBCcompu- 
ter system (Physics and Elec¬ 
tronics). 

2. Feedback Systems Weather Satel¬ 
lite Receiver system (Physics and 
Geography). 

3. 2.2 m dish, Satellite TV receiver 
(Foreign Languages). 

4. 1.8 m dish, downconverter (Physics, 
Geography, Computer Science). 

The emphasis during the first two 
years has been upon the acquisition of 
i equipment, setting it up and learning 
j how to use it. It has been the responsi- 
i bility of the staff to obtain equipment 
i but it was the policy from the start to 
! involve students in setting it up. In 
] practice, students have rapidly come to 
grips with the techniques needed for 
receiving and processing satellite sig¬ 
nals and often provided instruction for 
: the staff! * 

Soviet Navigation Satellites 

During these two years students 
have worked on four projects. One, 
which has taken two years for comple¬ 
tion, is the reception, electronic decod¬ 
ing and computer processing of sig¬ 
nals from Soviet navigation satellites. 
The project, based on a paper by Geof¬ 
frey Perry, involved original work 
on an electronic decoder and computer 
software. The system is now able to 
output the satellite's position and vel¬ 
ocity in real time from the information 
broadcast by the satellite. The next 
stage will be to measure the Doppler 
shift frequency and so obtain the range 
at closest approach, enabling the posi¬ 
tion of the receiver to be calculated. 
Hopefully, the whole system will even¬ 
tually operate in real time as in a pro¬ 
fessional satellite navigation unit. 

Weather Pictures 

Another completed project involves 
software for a Meteosat Picture Sequ¬ 
encer. Meteosat, a geostationary satel¬ 
lite positioned at 0 degrees longitude, 
35,000 km above the Earth, 'sees' a 
complete view of one half of the Earth. 
In practice it broadcasts the complete 
view -only occasionally as part of a 
sequence of pictures. The other views 
are sub-divisions of the complete 


scene. Furthermore the pictures are of 
two types, visible and infrared. 

The sequencer allows a particular 
type of picture to be extracted from the 
sequence. It is digitised by a commer¬ 
cial piece of electronics and then saved 
on floppy disc. When the next picture is 
transmitted the process is repeated. 

About 30 pictures can be stored and 
then played back so that wheaviewing 
the monitor screen they scroll into 
each other in a cartoon-like fashion. 
The sequence can be videoed and a 
permanent record of a weather pattern 
over, for example, 24 hours obtained. 
The second part of this project is the 
software to clean up the pictures. This 
removes random dots and the sequ¬ 
ences then show only the movementof 
patches of continuous dense cloud. 

The above system, although flexi¬ 
ble, is only able to cope with a limited 
number of grey levels. This severely 
limits the quality of the recorded pic- 

The 2.2m dish which receives information from 
Eutelsat FI and provides the college's foreign lan¬ 
guages department with French German and Ita¬ 
lian TV programmes 
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tures. Photographic printing paper, of 
course, produces a complete range of 
grey levels and so there is a real advan¬ 
tage in producing hard copy pictures 
on this type of paper. However, stu¬ 
dents first had to construct a light 
source able to follow the variations of 
the signal from the satellite and to pro¬ 
duce light to which bromide paper is 
sensitive. Unfortunately LEDs emitting 
bright blue light, the colour necessary, 
are not available at present and a more 
complicated electromechanical 

arrangement had to be constructed. 
This light source together with a con¬ 
verted stencil cutter should in the 
future allow the production of weather 
pictures on bromide paper. 


Antenna Control 

Another project to mention is the 
design and construction of the compu¬ 
ter control of the Yagi antenna. This 
will now, under software control, fol¬ 
low a satellite as it crosses the sky. The 
downlink project is proving a rich 
source of project work and an A-level 
Design and Technology student has 
decided to design a dish steering sys¬ 


tem to increase the number of TV chan¬ 
nels it is possible to receive. 

Course Developments 

The emphasis is now changing. The 
hardware and software that we have, 
allows us to receive signals from a 
large number of satellites - but how is 
all this to be used educationally? Apart 
from individual projects, satellite work 
has been available as a General 
Studies course. The course started 
essentially as a practical activity but 
has now become a more formal course 
consisting of a series of lectures with 
some practical work included. The 
course is titled Space Science. 

Good satellite receiving equipment 
has, within the last year, become avail¬ 
able from education equipment 
suppliers and the four schools which 
provide students for Godaiming Sixth 
Form College now have their own inde¬ 
pendent downlink systems. Our group 
will over the next year or so be 
developing curriculum material suita¬ 
ble for children from the third year 
upwards. We are considering the pos¬ 
sibility of a Space Science module in 


the new GCSE exams and the forth¬ 
coming AS level (half an A-level). We 
are also in contact with the National 
Resource Centre for Satellites in Edu¬ 
cation (NRCSE) and the UoSat Office, 
both based at the University of Surrey. 
Via Spaceflight magazine we have 
begun to liaise with the Center for 
Aerospace Education in St. Louis, Mis¬ 
souri (USA). We would like to set up 
links with groups in other countries. An 
interesting project for such a linked 
group could be packet radio which 
recently became available on UoSAT 2. 

Conclusion 

The educational value of Space Sci¬ 
ence is enormous. It is relevant to 
Physics, Electronics, Computing, 
Mathematics, Design Technology, 
Geography and Foreign Language 
departments. Space Science provides 
useful examples, projects and ser¬ 
vices. Readers will be aware of the 
change in the Space Science scene 
from a strictly science/technology 
emphasis to one which is becoming 
important for its industrial value. Edu¬ 
cation should attempt to reflect this 
change. 


US Shuttle Astronaut's Lecture Tour 



Colonel Bolden, a member of the Marine Corps before training as an astronaut in 1980, has undertaken 
numerous assignments for NASA and was the pilot of a January 1986 Spade Shuttle mission. He has log¬ 
ged 146 hours in space. 


NASA Astronaut Colonel Charles 
Bolden received an enthusiastic 
response from audiences during a 
series of summer lectures in London. 

The tour, organised by South Bank 
Polytechnic, ended with a lecture to 
industrialists and educationalists enti¬ 
tled "Space: Past, Present and Future" 
after talks to various groups of London 
school children and students. He suc¬ 
ceeded in charming all his audiences 
with tales of his experiences in space, 
from the problems of weightlessness 
and showering in the US space shuttle 
to questions of diet, comfort and the 
beauty of the Earth as viewed from 
space. He also talked about the effect of 
last year's Challenger disaster on the 
future of the space programme. 

The visit, supported by Inner Lon¬ 
don Education Authority, the 
Wellcome Foundation, the Royal Soci¬ 
ety of Chemistry, IBM and the Royal 
Navy, was intended to emphasise the 
value of science and technology in 
education and the need to develop 
strong links between the academic 
world and industry. 
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Outpost 

Moon 

"The US civilian space programme is now at a crossroads, aspiring toward the vis¬ 
ions of the National Commission on Space but faced with the realities set forth by 
the Rogers Commission. NASA must respond aggressively to the challenges of 
both while recognising the necessity of maintaining a balanced space programme 
within reasonable fiscal limits. 

"We must ask ourselves: Where do we want to be at the turn of the century?' 
and What do we have to do now to get there?' Without an eye toward the future, 
we flounder in the present. It is now too early to crystallise our vision of the space 
programme in the year 2000. A dear vision provides a framework for current and 
future programmes: it enables us to know which technologies to pursue, which 
launch vehicles to develop, and which features to incorporate into our Space Sta¬ 
tion as it evolves ." 


These stirring words preface Sally 
Ride's farewell report to NASA enti¬ 
tled "Leadership and America's Future 
in Space", which selects four bold 
initiatives "to energise a discussion of 
long-range goals and strategies for the 
civilian space programme". One of 
these is for an 'Outpost on the Moon' 
which would build on the legacy of 
Apollo and lead to a new phase of 
lunar exploration and development. 
The outpost would support scientific 
research and exploration of the 
Moon's resource potential, and would 
represent a significant extraterrestrial 
step toward learning to live and work 
in the hostile environments of other 
worlds. 

Beginning with robotic exploration 
in the 1990s. this initiative would land 
astronauts on the lunar surface in the 
year 2000, to construct an outpost that 
would then evolve in size and capabil¬ 
ity. 


The intention of the Ride report is 
not to choose one initiative and dis¬ 
card the other three, but rather to 
study the four candidate initiatives 
and put them forward for further dis¬ 
cussion. It assesses an 'Outpost on the 
Moon' in the following way. 

Background 

The Apollo Programme was a great 
national adventure. We sent explorers 
to scout the cratered highlands and 
smooth maria of the Moon, and to 
bring samples collected on their trips 
back to laboratories on Earth. The 
world was fascinated by the Apollo 
missions and the information they 
obtained, and the samples-provided 
scientists many exciting clues about 
the Moon's origin and chemical com¬ 
position. 

The Apollo era ended 15 years ago, 
before we could fully explore the 
promise of lunar science and lunar 



Salty K. Ride, th e fi rst US woman astronaut, who 
led the preparation of the report to NASA on 
'Leadership and America's Future in Space". 

resources. But we learned that human 
beings can work on the surface of the 
Moon and we laid the technical found¬ 
ation to develop the scientific and 
engineering tasks for the next stages of 
exploration. This initiative would send 
the next generation of pioneers - to 
pitch theirtents, establish supply lines, 
and gradually build a scientifically and 
technically productive outpost suitable 
for long-term habitation. 

This initiative represents a sus¬ 
tained commitment to learn to live and 
work in space. As our experience and 
capabilities on the lunar surface grow, 
this extraterrestrial outpost will gradu¬ 
ally become less and less dependent 
on the supply line to Earth. The first 
steps toward "living off the lunar land" 
will be learning to extract oxygen from 
the lunar soil, where it is plentiful, and 
learning to make construction mate¬ 
rials. The lunar soil would eventually 


Apollo 17 was man’s last visit to the Moon during which nearly 400 kg of lunar rock was brought back and over 50 scientific experiments were placed on the surface. 
In this photograph, Harrison Schmitt, who was a geologist, inspects a large bpulder in the Taurus-Littrow area of the Sea of Serenity, around which he and Gene 
Cernan drove in the lunar rover, covering 22.5 miles. 







Towards a Lunar Base 


A spaceport in Earth orbit receives supplies from a cargo transport vehicle (lower right). In the distance a 
two stage transfer vehicle is returning from the Moon. ® Robert McCall 


be a source of oxygen for propellant 
and life-support systems, and a source 
of material for shelters and facilities. 

The Moon's unique environment 
provides the opportunity for signific¬ 
ant scientific advances;, the prospect 
for gains in lunar and planetary science 
is abundantly clear. Additionally, since 
the Moon is seismically stable and has 
no atmosphere, and since its far side is 
shielded from the radio noise from 
Earth, it is a very attractive spot for 
experiments and observations in 
astrophysics, gravity wave physics, 
and neutrino physics, to name a few. It 
is also an excellent location for mate¬ 
rials science and life science research 
because of its low gravitational field 
(one-sixth of Earth's). 

Strategy and Scenario 

This initiative proposes the gradual, 
three-phase evolution of our ability to 
live and work on the lunar surface. 

Phase I: Search for a Site (1990s) 

The initial phase would focus on 
robotic exploration of the Moon. It 
would begin with the launching of the 
Lunar Geoscience Observer, which will 
map the surface, perform geochemical 
studies, and search for water at the 
poles. Depending on the discoveries of 
the Observer, robotic landers and rov¬ 
ers may be sent to the surface to obtain 
more information. Mapping and 
remote sensing would characterise the 
lunar surface and identify appropriate 
sites for the outpost. The discovery of 
water or other volatiles would be 
extremely significant, and would have 
important implications for the location 
of an habitable outpost. 

Phase II: Return to the Moon (2000- 
2005) 

Phase II begins with the return of 
astronauts to the lunar surface, (see 
Figure 1). The initiative proposes that a 
crew be transported from the Space 
Station to lunar orbit in a module prop¬ 
elled by a lunar transfer vehicle. The 
crew and equipment would land in 
vehicles derived from the transfer veh¬ 
icle. Crew members would stay on the 
surface for one to two weeks, setting 
up scientific instruments, a lunar oxy¬ 
gen pilot plant, and the modules and 
equipment necessary to begin building 
a habitable outpost. The crew would 
return to the orbiting transfer vehicle 
for transportation back to the Space 
Station. 

Over the first few flights, the early 
outpost would grow to include a habi¬ 
tation area, a research facility, a rover, 
some small machinery to move lunar 
soil, and a pilot plant to demonstrate 
the extraction of lunar oxygen. By 
2001, a crew could stay the entire lunar 
night (14 Earth days), and by 2005 the 
outpost would support five people for 
several weeks at a time. 

Phase III: At Home on the Moon 
(2005-2010) 

Phase III evolves directly from 


Phase II, as scientific and technological 
capabilities allow the outpost to 
expand to a permanently occupied 
base. The base would have closed- 
loop life-support systems and an oper¬ 
ational lunar oxygen plant, and would 
be involved in frontline scientific 
research and technology develop¬ 
ment. The programme also requires 
the mobilisation of disciplines not pre¬ 
viously required in the space prog¬ 
ramme; surface construction and 
transportation, mining and materials 
processing. 

By 2010, up to 30 people would be 
productively living and working on the 
lunar surface for months at a time. 
Lunar oxygen will be available for use 


at the outpost and possibly for propel¬ 
lant for further exploration. 

Transportation, Orbital Facilities 

This initiative envisions frequent 
trips to the Moon after the year 2000 - 
trips that would require a significant 
investment in technology and in trans¬ 
portation and orbital facilities in the 
early 1990s. 

The critical technologies for this 
initiative are those which would make 
human presence on the Moon mean¬ 
ingful and productive. They include 
life-support system technologies to 
create an habitable outpost; automa¬ 
tion and expert systems and surface 
power technologies to make the out- 
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Figure 1. Scenerio for return to Lunar surface; 
Piloted Sortie, Expendable Lander. 


post functional and its inhabitants pro¬ 
ductive; and lunar mining and proces¬ 
sing technologies to enable the pros¬ 
pecting for lunar resources. 

The transportation system must be 
capable of regularly transporting the 
elements of the lunar outpost, the fuel 
for the voyage and the lunar crew to 
low-Earth orbit. This requires a 
heavylift launch vehicle and a healthy 
space shuttle fleet. The transfer of both 
cargo and crew from the space station 
to lunar orbit requires the develop¬ 
ment of a reusable space transfer vehi¬ 
cle. This and a heavy-lift launch vehicle 
will be the workhorse of the Lunar 
initiative. 

The space station is an essential 
part of this initiative. As the lunar out¬ 
post evolves, the space station would 
become its operational hub in low- 


Towards a Lunar Base • 

Exploring and prospecting the Moon, 
learning to use lunar resources and 
work within lunar constraints, would 
provide the experience and expertise 
necessary for further human explora¬ 
tion of.the Solar System. 

The Lunar initiative is a major 
undertaking. Like the Mars initiative, it 
requires a national commitment that 
spans decades. It, too, demands an 
early investment in advanced technol¬ 
ogy, Earth-to-orbit transportation, and 
a plan forspacestation evolution. Even 
considering its gradual evolution over 
the first five years, the ambitious build¬ 
up of the lunar outpost envisioned in 
this scenario would require a high level 
of. effort in the mid-to-late 1990s and 
would place substantial demands on 
transportation and orbital facilities. 
This is a period when resources may be 
scarce. 

However, this initiative is quite flex¬ 
ible. Its pace can be controlled, and 
more important, adapted to capability. 
It is possible to lay the foundation of 
the outpost in the year 2000, then build 
it gradually, to ease the burden on 
transportation and space station at the 
turn of the century. 

The Lunar initiative is designed to 
be evolutionary, not revolutionary. 
Relying on the space station for sys¬ 
tems and subsystems, for operations 
experience, and for technology 
development anfl testing, it builds on 


“Although explorers have reached the Moon, it has not been fully 
explored. This initiative would push back frontiers, not to achieve a blaze 
of glory, but to explore, to understand, to learn and to develop. ” _ 


Earth orbit. Supplies, equipment and 
propellants would be marshalled atth6 
station for transit to the Moon. It is 
therefore" required that the space sta¬ 
tion evolve to jnclude spaceport 
facilities. 

In the 1990s, the Phase 1 space sta¬ 
tion would be used as a technology 
and systems test bed for developing 
closed-loop life-support systems, 
automation and robotics, and the 
expert systems required for the lunar 
outpost. The outpost would, in fact, 
rely on the space station for many of its 
systems and subsystems, including 
lunar habitation modules which would 
be derivatives of the space station 
habitation/laboratory modules. 

Evaluation 

The Lunar initiative is a logical part 
of a long-range strategy for human 
exploration. The National Commission 
on Space recommended that the USA 
follow a "natural progression for 
future space activities within the Solar 
System," and concluded that the 
natural progression of human explora¬ 
tion leads next to the Moon ( Space- 
flight , May 1986, p.194). 

The establishment of a lunar out¬ 
post would be a significant step out¬ 
ward from Earth-a step that combines 
adventure, science, technology, and 
perhaps the seeds of enterprise. 


and gradually extends existing 
capabilities. Many of the systems 
needed for reaching, outward to Mars 
could be developed and proven in the 
course of work inthe Earth-Moon reg¬ 
ion. It is not absolutely necessary to 
establish this stepping stone, but it cer¬ 
tainly makes sense to gain experience, 
expertise and confidence nearer Earth 
first, and then to set out for Mars. 

This study did not include an 
assessment of the level of public sup¬ 
port for these initiatives-. However, 
there is considerable senttment that 
Apollo was a dead-end venture, and 
we have little left to show for it. 
Although this task force found some 
who dismissed this initiative because 
"we've been to the Moon", it found 
many more who feel that this genera-: 
tion should continue the work begun 
by Apollo. 

Although explorers have reached 
the Moon, the Moon has not been fully 
explored. This initiative would push 
back frontiers, not to achieve a blaze of 
glory, but to explore, to understand, to 
learn and to develop; it would place the 
Apollo Programme into a broader con¬ 
text of continuing exploration, span¬ 
ning several generations of Ameri¬ 
cans. And it fits beautifully into a 
natural progression of human expan¬ 
sion that leads "from the highlands of 
the Moon to the plains of Mars". 


Supercondii 

by A.T._ Lawton and Penny Wright 



The start of manned operations at a Lunar Polar 
Base (above)! In the middle distance at the centre 
right is an automatic processing plant designed to 
extract oxygen from local rocks in a furnace 
heated by concentrating the rays from a low- 
altitude Sun. IPI 
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--—-- Towards a Lunar Base - 

jctors Lift Lunar Base Prospects 

New superconducting ceramics promise to revolutionise electrical and electronic technology on Earth but 
even greater potential could be realised in applications to Lunar Base technology. Superconducting ceramics 
could be made from lunar rocks with the cooling necessary for their operation being derived naturally from the 
wide temperature variations of the lunar surface. This article outlines the basic technology of these cost-saving 
techniques and some of the anticipated future lunar applications. 



Lunar operations (below) involving the prodOc - 
tion of liquid oxygen by the mining of ilmenite. A 
loader transports useable material to a furnace in 
the upper centre of the picture. The oxygen is 
liquified and stored in the containers on the right. 

NASA 



Superconductors 

Most people are familiar with the 
concept of electrical conductivity - 
electric currents being carried by 
metallic wires of copper, aluminium or 
other metallic alloys. They are also 
familiar with these wires becoming 
warm if they carry a heavy current - a 
property known as electrical resis¬ 
tance. This property is carried to 
extremes in the red heat of an electric 
radiator fire and in the white heat of an 
incandescent filament in an electric 
light bulb. 

Less well known isthatsomemetals 
and alloys lose their electrical resis¬ 
tance altogether under special condi¬ 
tions. An electric current caused to cir¬ 
culate through a ring or coil of such 
material would do so for ever - simply 
because there are no losses involved 
[1 ]. It is the closest realisation of the old 
Victorian dream of perpetual motion, 
and many research laboratories 
throughout the world have apparatus 
where the current has been circulating 
for years - providing the temperature 
is kept sufficiently low. 

And there lies the major snag! 
Although known for nearly a century, 
most of the materials available today 
exhibit superconductipn at tempera¬ 
tures close to Absolute Zero and have 
to be continuously immersed in liquid 
helium (temperature 4.3 K). A few 
specialised alloys (based largely on 
niobium, tin, zirconium and trace met¬ 
als) will exhibit commercially useful 
superconduction at the highertemper- 
ature of liquid hydrogen (20.4 K). See 
Table 1. Storage of liquid hydrogen 
on the Moon could be much easier 
than storage on Earth - but lunar hyd¬ 
rogen appears to be absent either as 
hydrides in rocks or as water. Future 
expenditions may find ice trapped 
deep in lunar chasms or craters - but 
the general outlook isthat hydrogen on 
the lunar surface is scarce or absent. 
Exploitation of superconductivity on 
the Moon therefore seemed to be a 
complete non-starter, and this situa¬ 
tion continued up to 1987. 


The New Superconductors 

The above explains why the newly 
discovered superconductor ceramics 
offer such tantalising possibilities [2], 
Firstly they behave as superconduc¬ 
tors at very much higher temperatures 
than all previously known materials, 
and can be operated at the tempera¬ 
ture of liquid nitrogen (77 K). Further 
developments have now allowed oper¬ 
ation at liquid oxygen temperatures 
(90 K) and liquid oxygen is widely 
accepted as one of the first materials to 
be made from lunar rocks once a lunar 
base is established. In this outline arti¬ 
cle we therefore suggest that the use of 
superconducting powerlines made 
from native lunar ceramics derived 
from lunar rock and naturally cooled in 
a manner (later described) is a realistic 
21st century possibility. This means 
there is no need to resort to metallic 
conductors with their associated los¬ 
ses when setting up a lunar power grid. 

We recognise that more detailed 
research will be necessary to quantify 
the actual processes and economics 
thereof, but already there is steadily 
accumulating evidence that supercon¬ 
ducting ceramics are heretostay. Even 
high school students can make them 
[3], 

What are these new materials? As 
mentioned earlier the original super¬ 
conductors were metals or alloys some 
of which are listed in Table 1. These 
new materials are based on oxides of 
rare Earth metals such as lanthanum, 
yttrium and europium mixed with 
commoner materials such as barium 
oxide and copper oxide. Some work¬ 
able combinations are listed in Table 2. 

Lunar Applications 

Some areas of the Moon will require 
large quantities of electrical power a 
considerable distance away from 
where it is most efficiently generated. 
This could arise where useful quan¬ 
tities of metal bearing rocks and ores 
are sited several hundred (or 
thousands) of kilometres away from 
the solar cell or solar boiler electrical 
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Lunar activities in the 21st century could include astronomy, both optical and radio wave, and the use of material to manufacture products in space. In the fore¬ 
ground, a mass driver is propelling pieces of lunar material into Space. ° Robert McCall 


generating station. Electricity will be 
required to reduce these ores. Typical 
examples of metals produced by elec¬ 
trolysis are aluminium, titanium, mag¬ 
nesium - all are found in Moon rocks. 
To generate the electricity locally may 
not be possible and to use copper or 
aluminium cables of any great length 
would involve considerable losses. 

Using superconduction cables the 
problems are avoided and by careful 
design the Moon itself can provide the 
necessary cooling. 

Furthermore these cables could be 
made from Moon rock materials. The 
basic elements required are: 

europium trace elements only 
yttrium trace element only 

lanthanum trace element only 
barium fraction element 

copper bulk element 

gold fraction element 

oxygen bulk element 

Gold has been successfully used to 
bind the superconducting ceramic 
crystals into a matrix which permits the 
drawing of the material into ribbon, 
tape, or wire without detriment to the 
superconducting properties of the 
basic material [4]. 

Lunar Cooling of Superconductors 

During a lunar day the surface at the 


Moon's equator’achieves a tempera¬ 
ture of 400 K (130°C). During the lunar 
night the temperature drops to around 
73 K (-200°C). A region not receiving 
any direct sunlight is likely to remain 
permanently around 73 K (-200°C), ie 
well below the freezing point of water 
at normal Earth atmospheric pressure 
[5]. 

Thus, if the ceramic superconduct¬ 
ing cables or conductors are housed in 
deep "troughs" which are open to the 
sky, then the cable will only "see" a 
temperature close to that of space itself 
(3 K). Obvious losses and stray reflec¬ 
tions will raise this considerably, but 
there is a strong possibility that stable 
temperatures of between 80 K and 90 K 
could be achieved permanently by 
deep trough burial and sunless expo¬ 
sure to the sky. 

Moonsoil has a low bulk density 1.5 
-1.6 gm cm 3 but the individual grain 
density is 3.1 - 3.5 gm cm 3 . Thus half 
the volume of the surface layer is 
empty space and Moonsoil as such is a 
good heat insulator with properties 
akin to vermiculite. Optimistically, it 
may also be a good electrical insulator, 
and our proposed superconducting 
power grid may be no more than two 
parallel deep trenches laid side by side 
in sunless soil! 


Superconductors from Lunar Rocks 

Lunar rocks, as determined from 
analyses of samples obtained from 
Apollo and Soviet Luna missions [6], 
consist df: Basalt, Olivine, Pyroxene, 
Plagioclase, Feldspar and llmenite. 

This yields the following in quan¬ 
tity: Oxygen (50 per cent by weight); 
Silicon, Aluminium, Titanium, Mag¬ 
nesium, Chromium, Vanadium and 
Iron (49 per cent by weight); and Nic¬ 
kel, Sodium, Potassium, Rubidium, 
Barium and Strontium (less abundant 
than on Earth and forming less than 
.one per cent of the total); and Ytter¬ 
bium, Europium, Yttrium, etc. J^are 
Earth metals in measurable quantities 
of several parts per million 17]). 

In the event of there being no 
economical native sources of rare 
Earth elements in lunar rocks, it would 
bea simple matterto transport the very 
small quantities needed from Earth. 
This would probably be done anyway 
in the initial stages of setting up a 
superconducting ceramic facility. 

Further Applications 

Superconducting materials are also 
applicable to other areas. They will not 
"accept" magnetic fields and a piece of 
superconducting material will "float" 
above a permanent magnet indefi¬ 
nitely - the "Meissner" effect named 
after its original discoverer. A variant 
of this effect is able to detect minute 
changes in magnetic fields external to 
the system. Such highly sensitive 
detectors are known as SQUIDS 
(Superrxwfcding Quantum Inter¬ 
ferometric Cteteraors). 


Table 2: Superconducting Ceramic. 

Special Formula (1-2-31 RE Ba 2 Cu 3 P 7 -x where RE is Rare Earth and'»' is variable Q to 2 

Yt Ba 2 Cu 3 0 7 -x Superconducting at 77 K 

La Ba 2 Cu 3 0j-x Superconducting at 100K 

EuBA 2 Cu 3 0 7 -x Superconductive at 230K • 

_ (Provisional results only) _ 

Yt = Yttrium; La = Lanthanum; Eu ^Europium: Rare Earth metals so far successfully utilised. 
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A supersensitive SQUID on Earth 
cannot be properly used to full advan¬ 
tage because the magnetic field of 
Earth is too "noisy". It is not in the 
steady state beloved of text books and 
shown by a compass, but is riddled 
with the quirks and whirls ofthe Earth's 
core and outer rock movements 
(quakes). Even the waves ofthe oceans 
can cause disturbances to a supersen¬ 
sitive wideband SQUID and drown out 
othersignals. 

Set up on the Moon where there is 
no dynamic metal core, where there 
are no oceans and where quake activity 
is several millions of times down com¬ 
pared with Earth, we might be able to 
detect the traces of other magnetic dis¬ 
turbances from other objects in the 
Universe. We might" hear" the pulsing 
of as yet unknown pulsars, the explo¬ 
sions of distant supernovae - and may 
be the magnetic field signals of a CETI 
system operating outside the conven¬ 
tional radio spectrum! 

Electromagnetic Launchers 

A major feature of recovering Moon 
minerals and metals has been the 
proposed use of electromagnetic laun¬ 
chers to place these materials either 
into the L 5 Lagrange position or other 
suitable orbital positions. This 
technique was a fundamental require¬ 
ment of O'Niell's L 6 Colony proposals. 

We now know that (when properly 
prepared) these latest superconduct¬ 
ing materials can stand up to intense 
magnetic fields - but if suitable lunar 
rock superconductors are discovered - 
then an electromagnetic launcher 
could be set up very cheaply. 1 

It could be operated during lunar 
night-time, the electrical power being 
derived from solar cells on the Moon's 
sunlit side and supplied to the electro¬ 
launcher by the lo^s-less supercon¬ 
ducting power grid. All the construc¬ 
tion materials Would be native, little or 
no materials need be brought from 
Earth. 

Magnetic Levitation Railway 

The principles of using magnetic 
forces for electromagnetic launchers 


■ Towards a Lunar Base 

can also be used for rail transport pur¬ 
poses [8,9]. 

Using the Meissner effect, a super¬ 
conductor will not permit a magnetic 
field to pass through it. A strong repul¬ 
sive force is produced which permits 
levitation of the superconducting ele¬ 
ment. If this is attached to a carrier, 
then that too is lifted together with its 
payload. An alternating component to 
the magnetic field could provide a 
means of propulsion. 

Magnetic levitation by supercon¬ 
ductors has been often demonstrated - 
it is a standard test for a superconduc¬ 
tor. So far railway applications have 
only been paperwork studies, the prob¬ 
lems associated with liquid hydrogen 
cooling have been too formidable for 
magnets wound from niobium tin wire. 

Because of the Moon's reduced 
gravitational field, a lunar rail transport 
system could carry a heavier load for a 
given magnet system than would its 
Earth-based counterpart. 

Adopting a completely integrated 
approach could give rise to a totally 
superconducting power distribution 
system, combined with a magnetic 
levitation rail transport system and 
electromagnetic launchers. 


Other New Superconducting Ceramics 

Four basic components are 
involved in these ceramics: 

• A rare Earth metal. 

• An alkaline Earth metal. 

• A cuprous metal. 

• An oxydiser. 

Examination of the F’eriodic Table 
shows that there are 17 candidate rare 
Earth metals, 10 alkaline Earth metals, 
four or five cuprous metals and four 
oxydisers. This suggests that at least 
3400 compounds could be investi¬ 
gated in a hunt for new superconduc¬ 
tors. In practice there would be marry, 
many more, since some materials 
might be further mixtures of rare Earth 
metals, cuprous bases and oxides. 
There is room for a great deal of 
theoretical and practical work, the aim 


being to produce a particular type of 
crystal structure. 

There appears to be no satisfactory 
explanation as to why these blends of 
ceramic should act as superconductors 
and the BCS theory (see box) 
developed for superconducting metals 
and alloys does not give the right pre¬ 
dictions for these new materials. A new 
theory is needed. 


Summary 

The discovery of the new ceramic 
superconducting materials offers the 
following exciting prospects: 

• A naturally cooled electricity power 
grid on the Moon to facilitate mining 
and recovery of minerals, and other 
heavy industries. 

• A system of extremely powerful 
multiple electromagnetic launchers 
capable of transporting these mate¬ 
rials to other parts of the Solar Sys¬ 
tem, together with an integrated 
magnetic levitation railway. 

• Superconducting SQUID detectors 
set up in super quiet surroundings 
permitting the detection of signals 
and data in a spectral band that was 
previously inaccessible (i.e. very 
very low frequency magnetic and 

-electromagnetic fields). This could 
widen the vistas of astronomy and 
astrophysics, assisting in searches 
for magnetic monopoles - the elu¬ 
sive particles of high energy 
physics. 

• SQUID detectors, which might also 
form the basis of a new type of SETI 
search system, would be impracti¬ 
cal on Earth. 
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History of Superconductivity 


Superconductivity was first observed by 
the Dutch physicist Heike Kamerlingh 
Onnes, Professor of Physics at Leiden Uni¬ 
versity. He was studying the behaviour of 
materials at very low temperatures and in 
1911 found that solid mercury immersed in 
liquid helium at 4.2 K completely lost its 
electrical resistivity. Once a current had 
been started in a coil of such material it 
would carry on circulating for many days or 
even weeks. 

Kamerlingh Onnes observed this prop¬ 
erty in many metals (see Table 1) and 
reported it in the proceedings ofthe Univer¬ 
sity [1], All of these materials lost their 
"superconductivity" (the name originally 
conceived by Onnes) at moderate inten¬ 
sities of magnetic field. No satisfactory 
working theory was forthcoming. 


In the 1950's and 60's work on supercon¬ 
ductive alloys resulted in the production of 
intensely powerful magnetic fields - far 
above those possible with ordinary ferrous 
metals such as iron or steel. 

A workable theory was evolved by US 
physicists John Bardeen, Leon Cooper, ant) 
John Schrieffer (the BCS theory) which led 
to the award of a Nobel Prize in 1972. 

Also during the 1970's Paul Grant of IBM 
studied the possibilities of room tempera¬ 
ture superconducting plastics. This has 
resulted in the production of plastics with a 
conductivity similar to metals - but so far no 
superconductors. 

Finally George Bednorz and Alex Muller 
of IBM Zurich announced earlier this year 
that they had discovered superconducting 
properties in a special series of ceramics 


cooled to liquid nitrogen temperatures. 

By mid 1987 Paul Chu of Houston Univ¬ 
ersity Texas was announcing signs of 
superconductivity in a europium based 
ceramic cooled to only 230 K(-43°C). This is 
within the extremes of Antarctic winters on 
Earth. 

Further work by Massachusetts Institute 
of Technology has used bonded gold as a 
matrix support for the crystalline ceramic 
structure. This allows the superconducting 
material to be rolled and drawn into tape 
and wire which may be twisted into very 
heavy duty cables. 

Thus, all of the items mentioned in the 
accompanying review paper have been 
researched and could be developed to form 
a practical proposition for industrial exploi¬ 
tation of the lunar surface. 
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Ariane Success Brings Relief 
to Commercial Operations 


The long-awaited resumption of 
Ariane launches was heralded by the 
successful launch of Ariane V19 from 
Kourou, French Guiana on September 
15,1987. The injection of two telecom¬ 
munications satellites, ECS-4 and 
Aussat K3, into near-perfect geostatio¬ 
nary orbits was joyous news for the 
many commercial satellite operators 
in the Western world who are users of 
this launch vehicle. Prior to this 
launch, the Arianespace order book 
stood at a total of 46 commercial satel¬ 
lites to be launched, corresponding to 
a turnover of US$2.45 billion. 

At the heart of Ariane's third-stage 
guidance and control system.is Fer¬ 
ranti's IMS (Inertial Measuring Sys¬ 
tem), which worked perfectly to place 
both satellites in orbit with an accuracy 
of 0.005 per cent error in apogee 
(amounting to 2 km in a total distance 
of 36,058 km) and zero error in inclina¬ 
tion at 7 degrees to the equator . 

ECS-4, built for the European Space 
Agency by a consortium of 36 Euro¬ 
pean aerospace companies led by the 
Space and Communications Division 
of British Aerospace, will be operated 
in orbit by Eutelsat (the European Tele¬ 
communications Satellite Organis- 
tion), with the designation Eutelsat 1 F- 
4. ~ 

Chart showing breakdown of Arianespace orderbook. 



The night launch of Ariane V19 from French 
Guiana on September 15 heralded the return of 
the European rocket to commercial operations. 
See also p.282. Arianespace 

The satellite's 14 transponders, 
which operate at 14/11 GHz, will be 
used mainly for TV programme dis¬ 
tribution. ECS-5 is to be-launched in 
1988. The nominal lifetime of ECS 
satellites is seven years. 


Aussat 3 is the final member a first 
generation satellite system comprising 
of three Hughes Aircraft Company HS 
376 spin-stabilised satellites. The first 
two satellites were launched by the US 
space shuttle in August and November 
1985 respectively. Aussat 3 carries two 
additional feed horns which provide 
coverage over the South West Pacific 
Region, including New Zealand. 

The single largest application of 
Aussat satellites is the provision of 
broadcasting services for television 
and radio directly into homes in 
remote outback regions of Australia. It 
is known as the Homestead and Com¬ 
munity Broadcasting Satellite Service 
(HACBSS) and is being provided, ini¬ 
tially, by the Australian Broadcasting 
Corporation (ABC). 

The service operates by using high 
powered (30 Watt) transponders 
switched into the spot beams. This 
enables high quality TV pictures to be 
received on relatively small, receive 
only. Earth stations ranging in size 
from 1.2 to 1.8 m in diameter and retail¬ 
ing at an average cost 6f A$2,500, 
including the costs of B-MAC decoding 
equipment. An importantfeature of the 
service is the use of B-MAC (Multip¬ 
lexed Analog Component Type B) as 
the transmission standard. This is the 
first time that B-MAC has been used 
commercially in the world for an exten¬ 
sive application and the six channel 
chip used in the decoding equipment 
was commercially developed in 
Australia specifically for the service. 

The HACBSS service provided by 
the ABC comprises television pro¬ 
gramming, two AM radio services and 
a stereo FM radio service. A teletext 
programme and information service is 
also available. The establishment of 
HACBSS on January 26, 1986 brought 
televison and radio, for the fi rst time, to 
an estimated 650,000 Australians liv¬ 
ing in remote areas of the country, who 
prior to the advent of Aussat had either 
received no radio ortelevision services 
or at best were underserved. With the 
launch and commissioning of Aussat 
3, the service provided by the ABC will 
be fully supplemented by a similar 
commercial service known as the 
Remote Commercial Television Ser¬ 
vice. Currently one RCTS service is in 
operation in Western Australia. 
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I BUSINESS ARENA 

Communications 
On the Move 



by Theo Pirard 

In the next few years, the use of 
communications satellites to establish 
links with mobiles will be a major 
growth area and develop into a new 
and successful business activity. 

Three factors are affecting the situa¬ 
tion: 

The first is the Mobile WARC (World 
Administrative Radio Conference) in 
Geneva during September which dis¬ 
cussed the allocations of frequencies 
for the Mobile Satellite Service 
throughout the world: later this year, 
another WARC will determine the fre¬ 
quencies (L-band) for the Radio Deter¬ 
mination Satellite Service. 

Secondly, while communications 
satellites, even for long-distance and 
heavy traffic links, face strong compet¬ 
ition from optical fibers - especially at 
this time of replacing old satellites and 
of problems with the availability of 
launch systems-'they will always offer 
high flexibility and new opportunities 
for mobile communications. 

Thirdly, development of microelec¬ 
tronics for small terminals from which 
to establish links by satellites is favour¬ 
ing a new market namely that of 
operators of aircraft, ships, trucks etc. 
In the 1990's it appears that ground 
systems for mobile communications 
by space will see a business boom. 

Maritime Communications 

The Inmarsat organisation, estab¬ 
lished in London on February 1, 1982, 


is operating a global system of satel¬ 
lites to provide telephone, telex, data, 
and facsimile, as well as distress and 
safety communications services to 
shipping and offshore companies. This 
48-national cooperative has in service 
three COMSAT Marisat spacecraft 
(over the Atlantic, Pacific and Indian 
Oceans), the Marecs of ESA (Marecs A 
over the Pacific and Marecs B2 overthe 
Atlantic) and four MCS packages on 
Intelsat V spacecraft. About 5,500 ship 
terminals are currently registered to 
use the Inmarsat services. 

The Inmarsat II series of spacecraft, 
the first of which is due to be launched 
by Ariane in mid-89, will offer 125 
simultaneous voice/data transmis¬ 
sions in L-band (satellite-ship-satellite) 
and in C-band (satellite-Earth station- 
satellite). It is designed to establish 
links with small terminals, such as the 
Standard C terminal at a ship Earth sta¬ 
tion. 

The Soviet Union, which is a 
member of Inmarsat for 3.66 percent 
(its initial share having, been 13.8 per¬ 
cent), is developing its Own system for 
maritime communications. In opera¬ 
tion is the Volna (Wave) satellite sys¬ 
tem for maritime and aeronautical ser¬ 
vices: it employs communications 
payloads installed on Gorizont and 
Raduga Statsionar spacecraft and 
functioning at UHF and L-band fre¬ 
quencies . For the 1990's, the USSR is 
developing the Morya satellite system 


Aerial 7 at British Telecom International's 
Goonhilly Downs Earth Station in south-west Eng¬ 
land. Built in 1983, it is currently being used for 
trials to provide a telephone service to aircraft. 

B77 

(Morya means seaman) which is com¬ 
patible with the Inmarsat system and 
uses L-band and C-band frequencies; 
Morya communications packages are 
already on existing Statsionar satel¬ 
lites. 

Aeronautical services 

Three Inmarsat member states have 
already announced plans to have 
aeronautical ground stations in opera¬ 
tional service during 1988: Norway 
(representing the Scandinavian coun¬ 
tries), Singapore and the United King¬ 
dom. Later this year, British Airways 
and Japan Air Lines will be ready to 
offer pre-operational passenger tele¬ 
phone services onboard Boeing 747 
aircraft. Two aircraft manufacturers, 
Boeing and Airbus Industries have 
already announced that they will 
design and manufacture airframes 
accommodating airborne terminals 
for satellite communications. Inmarsat 
is working with AEEC (Airlines Elec¬ 
tronic Engineering Committee) in the 
development of an industrial standard 
which is intended to permit the avia¬ 
tion industry to begin data and voice 
services as quickly as possible, using 
existing Inmarsat satellites and also 
future generations of satellites that are 
either under construction or are plan¬ 
ned. At this time, three manufacturers 
of communications equipment, each 
with its own technical approach, are 
proposing airborne systems for satel¬ 
lite links: 

• Racal Antennas Ltd (Southampton, 
UK) is developing a blade-type flat 
antenna, which is an electronically 
steered, phase array; the Racal design 
brings together five independent 
phased arrays, which are switched into 


Paging Via Sateiiite 

An international paging service via satellite is to receive its debut shortly with 
a UK project to extend a domestic paging service through Inmarsat's spare Atlan¬ 
tic Ocean satellite. 

The system is being launched by British Telecom using its coast Earth station at 
Goonhilly to provide a service to any craft or vehicle capable of carrying a suitable 
receiver unit. 

The system will make use of standard BT radiopagers, which allow short mes¬ 
sages of up to 90 characters to be sent with a bleep tone. The pager will be plugged 
into a purpose-built receiver connected to a flat plate antenna about 10 mm square. 
A printer will also be available as part of the package to provide written copy of 
messages. The whole unit is expected to cost about US$1,000. 

Long distance trucks are likely initial users and airlines are also be expected to 
look at use of the facility, possibly as a means of getting an airline passenger to 
make a call via satellite communications (the service will initially be available air- 
to-ground only for passengers). On trucks, it is planned that the aerial could be 
mounted on the roof of the cab, with the printer and pager on the dashboard. 

The service is designed to use off-the-self components and products should be 
on the market by the end of the year. By then modifications to the Earth station 
should be complete and the programme is expected to become fully operational at 
the beginning of 1988 with an experimental phase scheduled to last for six months. 

ASN 
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operation depending on the zone of 
coverage required. This antenna will 
enter service in 1988 as part of the pas¬ 
senger telephone service which Racal, 
British Telecom International and 
British Airways plan to offer aboard 
transatlantic Boeing 747s. 

• Ball Aerospace Systems (Boulder, 
Colorado) has already tested an elec¬ 
tronically steered, phase array technol¬ 
ogy consisting of two conformal 
patches mounted on opposite sides of 
the fuselage; the antenna system is 
completed by a beam-steering compu¬ 
ter, which activates the appropriate 
array and sends commands to the 
phase shifters to point beams in the 
desired direction. A simpler, single¬ 
element version of the Ball antenna 
was successfully tested in 1985. Ball 
plansto install its first high-gain arrays 
on a commercial airliner* by the end of 
this year. 

• E-Systems Inc. (Greenville, Texas) 
is proposing a SES-type (Ship Earth 
Station) antenna, consisting of a single 
helical element mounted on a platform 
25 cm in diameter and protected under 
an aerodynimically designed dome of 
less than 40 cm in height. It is develop¬ 
ing three models of an air-satcom ter¬ 
minal; the E-SAT 100 version, the 
largest, which is' developed from the 
Inmarsat Standard A maritime termi¬ 
nal, is used on an experimental basis 

Contest for US 
Domestic 
Mobile Satcoms 

An extraordinary scramble for 
participation in a US domestic com¬ 
munications mobile satellite sys¬ 
tem (MSS) is underway. 

The requirement to form a single 
consortium set by the US Federal 
Communications Commission 
(FCC) has resulted in eight com¬ 
panies, including Hughes Aircraft 
Co, forming themselves into a 
single consortium with two others 
forming a second, leaving a third on 
its own. 

The main aim of the US system is 
likely to be land-based use but 
aeronautical services wilLalsoJie a 
possibility for the winning licensee. 
For this reason, the FCC is keen to 
open up the allocated aeronautical 
and maritime mobile frequency 
bands to all types of mobile com¬ 
munications users. 

It faces an opposing view by 
European and other nations keen to 
maintain current frequency alloca¬ 
tions in order to safeguard public 
correspondence and safety com¬ 
munications requirements of the 
aeronautical and maritime com¬ 
munities. ASN 


by two Boeing 747's. The E-SAT200 
version is more compact and repre¬ 
sents an intermediate step towards the 
production model, called E-SAT300. 

With the Inmarsat II spacecraft at 
least 125 aeronautical voice channels 
will be offered by each satellite. Inmar¬ 
sat is evaluating the deployment of 
additional Inmarsat II satellites (desig¬ 
nated Inmarsat IIA) in a modified ver¬ 
sion, incorporating specific spot 
beams for aeronautical services. 

It is interesting to note the European 
role in the development of aeronauti¬ 
cal links by satellites through the ESA 
Prosat/Prodat experiments. Inmarsat is 
providing free use of its space segment 
- the Marecs B2 satellite - to the SITA 
(Societe Internationale de Telecom¬ 
munications Aeronautiques) for tests 
and demonstrations of an aeronautical 
data link employing 10 Prodat termi¬ 
nals provided by ESA; these terminals 
will be installed on aircraft belonging 
to SITA member airlines and the prog¬ 
ramme isscheduletobegin in late 1987 
or early 1988. 

Cooperating with Inmarsatfor initial 
tests, the US firm Aeronautical Radio 
Inc., (ARINC) is proposing for approval 
by the US Federal Communications 
Commission ffCC)itsown global satel¬ 
lite commmunications system for 
aeronautical services. ARINC is a major 
supplier of aviation communications 
throughout the US and neighbouring 
ocean regions. It plans to enhance its 
ACARS (Arinc Communications, 
Addressing and Reporting System) 
service which has been successfully 
operational in the USA since 1978. For 
the tenth anniversary of ACARS, it 
hopes to extend services by means of 
an existing satellite system; this 
enhanced ACARS is to lead to the 
global AVSAT system. 

The AVSAT project looks very 
ambitious; it has to be approved by the 
FCC and to get financial support. This 
six-satellite system, which is intended 
{b provide redundant global coverage 
between 80 degrees N and S latitudes 
and a ground segment consisting of 
four regional Earth stations around the 
globe would cost $1.1 billion for its 
development. The AVSAT system is 
scheduled by ARINC to be fully opera¬ 
tional in the mid-1990's. 

The USSR and Japan are also 
developing space systems for 
aeronautical links. The Soviet Volna 
system with communications pac¬ 
kages placed aboard Gorizont and 
Raduga Statsionar spacecraft offers L- 
band aeronautical services. The 
Japanese ETS-V, the first three-axis 
stabilised communications satellite of 
Japan, carries a technological payload 
to experiment with mobile satellite 
links for the control of aircraft over the 
Pacific, for communication, naviga¬ 
tional aid, search and rescue of ships. 



inside the Ground Earth Station operational control room 


ETS-V was launched on the recent 
three stage H-1 vehicle of NASDA in 
August (see p. 382). Australia also has 
plans to establish aeronautical links 
with the Aussat spacecraft. 

Land-Mobile Links 

Inmarsat has conducted successful 
trials on establishing links with 
mobiles-with a medical jeep in Swazi¬ 
land and with a convoy of trucks in 
North Africa. ESA used the Marecs B2 
satellite to test land mobile terminals 
within the Prosat experiments which 
are continuing with the Prodat stations 
developed for ESA by European indus¬ 
try. The Italian FIAR, German DORNIER 
and French SNEC are contributing to 
the manufacture of mobile terminals to 
be installed on trucks. In France, the 
Urba 2000 company is sponsoring an 
experiment with six trucks of the TAF 
frigorific transportation firm to use 
Marecs B2 for mobile communications 
throughout Europe; this experiment 
will last for one year with the technical 
assistance of SNEC. 

ESA is studying the ARAMIS 
payload to test on a large-scale land- 
mobile system of communications by 
satellites. The ARAMIS payload will be 
part of the PSDE (Payload and Spacec¬ 
raft Development and Experimenta¬ 
tion) programme. It could be incorpo¬ 
rated aboard the Olympus 2 payload to 
be launched by Ariane in the early 
1990's. 

Canadian Telesat, NASA and some 
12 private US companies are looking 
for the establishment of mobile com¬ 
munications satellite systems for the 
1990's. There has been serious disag¬ 
reement between the USA and Canada 
over the development of the M-Sat 
project which concerns frequency allo¬ 
cations at UHF and L-band frequencies. 
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First Aviation Ground Station 

British Telecom International is set to open the first Ground Earth Station (GES) 
to become operational within the Inmarsat aeronautical satcom system. 



In August, BTI awarded a contract 
for the main computers for its new 
Earth station at Goonhilly Downs in the 
south-west of England. Worth about 
US$4 million, it was awarded to the 
Norwegian firm Electrisk Bureau (EB) 
and covers both hardware and 
software for the Access Control and 
Switching Equipment (ACSE), the 
nerve centre of any Inrnarsat station. 

Goonhilly is where the company's 
Inmarsat maritime terminal and most 
of its Intelsat stations are located. It is 
intended to provide a fully automatic 
service in the Atlantic Ocean region, 
offering up to 100 channels simultane¬ 


ously, and is expected to enter service 
around May 1989. 

An interim station has already been 
installed for use in a trials programme 
with British Airways (BA) and UK elec¬ 
tronics firm Racal Decca, which is sup¬ 
plying the aircraft equipment. 

BA plans to use it commercially 
once the demonstration period is over 
but, lacking any switching equipment, 
the initial station does not meet Inmar¬ 
sat specifications. It will, however, pro¬ 
vide a limited, operator-controlled ser¬ 
vice until the full-specification equip¬ 
ment comes into service. ASN 


at Goonhilly, UK. BTI 


By deciding to use only the L-band 
spectrum for MSS purposes (Mobile 
Satellite Service) and by allocating the 
UHF spectrum to terrestrial public 
safety and cellular applications, the 
FCC was compromising the US-Cana- 
dian cooperation. 

The Department of Communica- 
tions of Canada is nevertheless going 
% ahead with its M-Sat programme, pre- 
^ sented as Canada's first mobile satel¬ 
lite communications system to provide 
remote areas in the Northern Ter¬ 
ritories with direct satellite links to 
portable terminals on land vehicles. 
Recently, the government of Canada 
made an appeal for private funding 
from industrial and financial investors. 
M-Sat is scheduled to begin providing 
service by late 1992. 


Radiodeterinination-Navigation Support 
The Radiodetermination Satellite 
Service or RDSS which also uses L- 
band frequencies - just like the MSS 
networks - will provide users not only 
with precise location but also with 
short and quick digital messages. This 


The US company E-systems has 
received an order for its new digital 
Aircraft Earth Station (AES) for instal¬ 
lation on a Boeing 747-200ST. The 
installation will be the first full-system 
AES designed to meet Inmarsat 
specifications. 

Designated E-Sat-200A, the termi¬ 
nal will be installed alongside an E-Sat- 
200 analogue avionics unit, which had 
been ordered previously. The two will 
operate as parallel terminals through a 
single, eight-element, mechanically 
steered antenna of some 59 cm in 
diameter. 


message exchange capability - 100 to 
150 alphanumeric characters-per mes¬ 
sage -with mobile vehicles will enable 
linksto be established on a global scale 
with ships, aricraft, trucks, and - why 
not? - pedestrians! 

In the USA, four applications for 
-RDSS networks were approved in 
August 1986 by the FCC: these were 
from Geostar Corporation, Mobile 
Communications Corporation of 
America, McCaw Communications 
and Omninet Corporation. 

Of the four applicants, only the 
Geostar system is taking form with 
satellite packages and with the 
development of itsownspace segment 
(in cooperation with RCA/GE Astro 
Space). Geostar Corporation is at a 
very advanced stage of establishing a 
worldwide RDSS network with agree¬ 
ments signed with the French CNES 
(for the LOCSTAR network), with the 
Indian Space Research Organisation 
(ISRO), and contacts with China, 
Australia and Japan. In Europe, then in 
the Middle East and in Africa, the RDSS 
will be offered by the French LOCSTAR 
Corporation. 


The E-Sat-200A is part of the com¬ 
plex evolution of E-systems aircraft 
Earth stations, which began with a 
modified ship Earth station called the 
E-Sat-100, the first of which went into 
service in 1986. A second started oper¬ 
ation in June this year. 

The digital unit will provide the 
basis for a production terminal, for 
which another, still smaller antenna is 
to be provided. The end result will be 
designated E-Sat-300 and it is 
scheduled for availability in 1989. 

ASN 


Egyptian Earth Station 

A new coast Earth station, located 
at Maadi, Egypt, began operation with 
the Inmarsat system in October. The 
Maadi station, owned and operated by 
the Egyptian National Telecommuni¬ 
cations Organisation (ARENTO), is the 
twentieth coast Earth station - the 
first on the African continent - provid¬ 
ing maritime communications ser¬ 
vices via Inmarsat. 

Located on the outskirts of Cairo, it 
was officially opened by the Prime 
Minister of Egypt, Mr Atta Sedky. 

US/Euro Firms 
Join Forces 

GE Astro-Space Division (USA), 
Aerospatiale (France), and MBB (Ger¬ 
many) recently signed an agreement 
to jointly pursue international satellite 
opportunities. Foremost among such 
up-coming programmes are the 
impending Intelsat VII and Aussat II 
(Australia) communications system, 
for which Astro-Space Division will 
assume the role of prime contractor 
and provide the communications 
payload which will be integrated into a 
Spacebus 300 spacecraft, a three-axis 
platform developed by MBB and 
Aerospatiale. 

Astro-Space Division (the result of a 
recent re-grouping of RCA-Astro and 
GE-Space Division) is active in 
developing and operating extensive 
satellite-based communications sys¬ 
tems. These capabilities provide Astro 
with skills and experience directly 
applicable to the expanded services 
envisioned in the international mar¬ 
ketplace. 


A/eiv Air-Satcom Terminal Ordered 
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BUSINESS ARENA 


UK Needs 

Euro-Space 

Business 


ESA Plans For 1990s Yet To Gel 

The ESA ministerial-level summit this month (November) faces the proverbial prob¬ 
lem of 'squeezing a quart into a pint pot'. The 'quart' embraces major programpnes 
such as the Hermes spacecraft, the Ariane 5 launcher, elements of the Columbus space 
station and a future spaceplane. The development of such projects over the next 
decade is now up for ratification. The 'pint pot' is ESA's present £1 billion annual 
budget, which needs to double over the next ten years to accommodate the quart¬ 
sized plans. 

Recent estimates by CNES, the French national space agency, cost the 10-year 
development of Hermes at £3 billion leading to two to three operational flights in 1999 
by which time a future spaceplane development could be well advanced. Voices in 
Europe, notably in West Germany (supporting Sanger-Horus) and the UK (supporting 
Hotol), would limit Hermes to a technology research programme into such areas as 
new materials, advanced avionics, complex software, life support systems and man¬ 
ned reliability requirements, which would then be available for the development of a 
more ambitious spaceplane with a really economic future. 

Another area of doubt concerns the Columbus module forthe space station and the 
conditions of NASA's acceptance of it due to pressure from the Department of Defence 
forthe US to retain total control over space station operations. Although the situation 
is unlikely to be resolved by the November meeting, ESA is putting on a brave face, 
determined in the long run to realise its aim of space autonomy for Europe. 

The present freeze on increased UK space funding has been dismissed by ESA as 
inconsequential to its future plans, which have recently received a welcome boost 
from the successful launch of Ariane VI9. Speaking at the Kourou Space Centre, 
French Guiana, after the launch, Dr Reimar Lust, Director-General of ESA intimated, 
according to press reports, that Britain was not needed any more on its present terms 
of membership. However, much has yet to crystallize on the European space scene 
before a firm plan emerges for Europe's space infrastructure in year 2000. 


UK Space Future In Doubt 

The UK freeze on increased space spending has been defended by the Government 
on the grounds that the £4.5 billion limit on R & D spending cannot be breached in any 
circumstances. The restriction will therefore remain until a decision is taken on the 
switching of funds within the grand total, but just when this will come about, if at all, 
is clouded with uncertainty. The timing of the declared freeze was singularly unfortu¬ 
nate as it coincided with expectations of a positive Government response to the UK 
Space Plan formulated by the BNSC and calling for a trebling of the annual rate of 
space expenditure over the next five years. The main avenue left open by which confi¬ 
dence may be restored to UK long-term space involvement is now via the recently- 
formed body ACOST (Advisory Council on Science and Technology) which had this 
topic on its agenda at its October meetings. The prospects that either the October 
ACOST or November ESA meetings will crystallize the 1990s plans for eitherthe UK or 
ESA must however be considered slender. 

UK space industry, in the meantime, has been faced with the nail-biting frustration 
of a Catch '22 situation. Under ESA's strict industrial returns rule, member states 
receive contracts in proportion to their contribution to the ESA budget. Britain there¬ 
fore stands to be squeezed out of major ESA projects as a leading force, unless the UK 
contribution to ESA is adequately increased. As a last-ditch move, UK space com¬ 
panies have startedto mount a new 'private sector* space effort on a national front. By 
way of stop-gap action, certain key national space programmes are continuing at com¬ 
pany expense. For the longer-term, the UK Industrial Space Committee, which repre¬ 
sents Britain's industrial space community, has set up a newcompany called Space 
Ventures Limited with the object o.f promoting opportunities for the UK arising from 
the exploitation of space. While these developments aim to project UK space activity 
into the international forum, the scale of Britain's international activity through ESA 
remains tied to the level of the governmental contribution. The present level may 
optimistically keep ‘a place at the table with the hope of being taken notice of', but will 
not maintain the UK's commercial viability in areas of its present space expertise, 
when other countries are blessed with the funds necessary for operating in world mar¬ 
kets. 

Although it may not yet be too late for European business to come to the UK in the 
1990s, the sands of time are fast running out ACOST is warned and should by now 
have come up with positive proposals for giving UK space involvement the long- 
awaited boost that it needs. 

... Comment .- -.-.-. 
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UK Space Plan 

"We shall continue our subscription to the European Space 
Agency but at present we are not able to find any more 
money' 

Z: - Statement by Margaret Thatcher, July 1987. 


Government's Decision Deplored 

Sir, Like other members of the British Interplanetary Society 
I was disgusted at the Government's rejection of the increase 
in Britain's space programme, as proposed by the British 
National Space Centre, leading to the resignation of Roy 
Gibson. 

While he was in charge at BNSC, there was a prospect of 
Britain taking its rightful place in man's advance into space. 
This refusal of funds is a return to the '70s, when we with¬ 
drew from ELDO, in which we were a major participant. Now, 
when Hotol offers a chance of playing a major part in future 
space transportation, we have the same lack of interest of 
Government in space. I am glad the Society has deplored the 
Government's decision and hope it will initiate a campaign to 
reverse it. 

F.R. SMITH 
Ashford, Kent 

Write to Your MP 

Sir, The current status of funding for space research in the UK 
must be deplored. The Prime Minister's attitude is unforgive- 
ably short-sighted and it is particularly regrettable that her 
decision not to increase the BNSC budget should be made 
(after an angonising wait) only a couple of months before the 
prestigious IAF Congress, which is being hosted in Britain 
thisyear. 

I seethat correspondence has already appeared highlight¬ 
ing the need for a significant improvement in spending for 
space ( Spaceflight , September 1987, p.343). While I agree 
wholeheartedly with such sentiments, in a sense such cor¬ 
respondence is 'preaching to the converted'. Before writing 
this, I wrote to my MP, and I suggest other readers do the 
same, in the hopethatthe Government's sad decision will bd 
reversed before Britain's already damaged credibility is lost 
altogether. It is only by applying direct pressure to the policy¬ 
makers that we can be assured of getting adequate financial 
support. 

RALPH LORENZ 
Henley-in-Arden, UK 

British Ingenuity on the Shelf 

Sir, The decision of Mr. Roy Gibson to resign as Director- 
General of the embryonic British National Space Centre 
because of the parsimonious attitude of the British Govern¬ 
ment to the space endeavour sti rs up'memories of other mis¬ 
sed opportunities. I refer to Mr. Tom Smith's Project Mustard 
of yesteryear and the decision to cancel the Blue Streak 
launcher. 

Looking atthe enthusiasm with which Britain's partners in 
Europe are forging ahead one is left with the feeling that 
British ingenuity will be left on the proverbial shelf as far as 
space endeavours are concerned and will find itself in a fee¬ 
ble position when space is truly opened up with the use of 
reusable spaceplanes, as envisioned in the German Sanger 
concept and the American Orient Express, early in the next 
century. 

PETER McEVOY 
County Laois, Eire 
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Shortsightedness in Space Funding 

Sir, I would like to add my opposition to the Government's 
decision not to increase the BNSC's budget. This kind of 
short sightedness in funding would have prevented any 
space industry if the USA had applied it in 1957. We would 
then have been without compact computers, communica¬ 
tions satellites (and therefore cheap telephone and television 
links), accurate weather forecasting and even that old cliche 
the non-stick frying pan. Just as in 1957, the USSR is step¬ 
ping up its capacity - this time with Energia - but Britain 
simultaneously decidesto drop outofthe race! 

A. McNAB 
Glasgow, Scotland 


Independent Space Capability for Britain 

Sir, It is with sadness and regret that I heard of the recent res¬ 
ignation of Mr. Roy Gibson as Director-General of the British 
National Space Centre. The setting up of the BNSC in 1985 by 
the British Government appeared to redress a situation 
which has been allowedto drift for 25 years. Governments of 
both complexions have ignored space and its potentialities, 
botfucivil and military to the overall detriment of British 
interests. This new dawn of British space activity is to be 
eclipsed barely before it got started. As Prince Charles has 
said: "Britain is in danger of becoming a fourth rate nation in 
the 21st Century." 

The record of achievements, project cancellations and 
wasted billions since the Second World War makes one want 
to cry in frustration. It runs from Blue Streak (1960), TSR2 
(1965) and Black Arrow (1971) to Nimrod (1986) and the 
BNSC "resignation in 1987. High points included the 1971 
British launch of a British satellite from a Commonwealth 
launch base; followed almost immediately by its cancella¬ 
tion. 

* The 1965-66 cancellation of an entire generation of RAF 
aircraft was symptomatic of the 1960s and 1970s ethos of 
"retreat from Empire" mentality that the UK could no longer 
afford to "go it alone" on major projects. Is this the pattern to 
be expected for the future from the UK Government? From 
TSR2 to Black Arrowto Nimrod to... Columbus? And yet look 
at France and Germany. Does anybody think that the French 
Government will allow its ideas in space to languish on the 
vine for lack of suitable partners to fund programmes and 
share risks? The payoffs in the 1990s and even now from 
decisions made in the 1970s and 1980s will come back to 
France and Germany. 

Looking at the current world space scene, several ques¬ 
tions come to mind. Is Britain about to miss the boat into the 
21st Century - by rejecting the chance to keep up with the 
world space community? Are Britons tofly in space, if at all, 
courtesy of other country's space programmes and as pas¬ 
sengers on American, Soviet and other spacecraft? Is the 
prospect of the novel "2010" to be realised, where the first 
interplanetary manned spacecraft to reach Jupiter would be 
built and crewed by the Chinese, or another national group? 
Four hundred years ago Britain was little regarded, but spent 
most of the intervening centuries building up a commercial 
empire, only to lose or give away most of it in the last 75 
years. If we are not to disappear entirely from the world polit- 
ical scene in the next 100 years then we must have an inde¬ 
pendent space capability, including our own launchers and 
launch bases, which - with the new Hotol concept - could 
become a viable proposition if a small proportion of the 
money spent on Trident or the Channel Tunnel were to be 
made available. All that is lacking is the vision and political 
will to see Britain earn its title of Great again. 

GEOFF WILLIAMS 
Essex, UK 
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Superconductivity in Space 

Sir, Since the autumn of last year there has been considera¬ 
ble excitement in the World of Cryogenics and Physics 
engendered by the breakthrough in achieving Superconduc¬ 
tivity at 90-100 K. This has i m po rta nt ram if ication s for terrest- 
rial and space applications but if, as some researchers 
believe, superconductivity can be achieved at higher temper¬ 
atures (room temperature has been suggested) then the 
effect would be nothing short of dramatic. 

Until now, superconductivity has been achieved only at 
about 4 K to 23 K using Niobium and Titanium, Germanium 
or Tin element combinations. This new regime has been 
achieved using various combinations of the ceramic ele¬ 
ments yttrium, barium, copper, oxygen and lanthanium 
which are alloyed by sintering. The resultant material is 
therefore brittle and lacks consistency or order and consider¬ 
able efforts are now being made to produce materials with 
improved qualities and higher superconducting tempera¬ 
tures. Some experiments are being conducted using vapour 
deposition techniques. 

If practical commercial materials are produced, the exist¬ 
ing applications of superconductivity will be enhanced and 
some applications which have not been pursued because of 
technical difficulty or cost will become viable. Electronic 
devices and cable, which for all practical purposes have no 
electrical resistance, become smaller and lighter with less 
heat dissipation and higher packing densities and are there¬ 
fore faster devices with greater current densities in power 
carriers. This affects computers, motors, generators, body 
scanners, magnetic separators, fusion power containment 
devices, magnetic levitation and power distribution. 

As for ground-based electronics and electrics, the effect 
on spacecraft is to reduce power consumption and mass 
with the added bonus that 90-100 K can be achieved using 
passive radiation techniques (e.g. Meteosat radiometer) and 
the cryogenic systems of spacecraft such as IRAS and ISO 
can be used to advantage. The small stepper motors, which 
will be used to operate the wheels and gratings of the ISO JR 
camera, are good examples of useful applications. They 
operate in an environment below 10 K with very small power 
consumptions. Superconducting motors made by SEP under 
an STP contract are on trial butthey use Niobium/Titanium or 
Niobium/Tin wire, superconducting at 4 K and 23 K. A motor 
superconducting at 100 K, would have a useful margin in tfie 
ISO application. Rotating joint motors such as Solar Array 
drive motors would also benefit from the technology. 

A.W. SWALES 
Bristol, England 


The model of Mir with Progress and Soyuz TM spacecraft attached which 
Philipp van Stratum started to build shortly after the launch of Mir in February 
t 1986 . 



The Road To Human Survival 

Sir, Anybody actively or passively concerned with space 
research should have no doubt that it is the only road to 
human survival. 

While we can see the overt signs of ecological decay and 
pollution -the destruction of the rain forests, the rising levels 
of carbon dioxide in-the atmosphere and (possibly) the 
shrinking of the Van Allen belts, for instance - who knows 
what other changes are in progress whose symptoms will 
only become apparent when it is already too late to avert dis¬ 
aster? 

I mean no criticism of Dr. M.H. Harrison's cogent and care- 
fully reasoned article ( Spaceflight , September 1987, p.325), 
which has its place in considering how space can best be 
commercially exploited. But the question is not whether 
manned space flight has a future, but whether the human 
species has a future. I submit that without extraterrestrial 
exploitation and colonisation, it has not. The Earth is slowly 
dying - we go up, or we go down. 

ROGER W. WHITE 
Lincolnshire, UK 


Number of People in Orbit 

Sir, I think Yaron Sheffer is one out in the calculations for the 
"Number of People in Orbit" ( Spaceflight, September 1987, 
p. 344). In fact the figure for the two "rookies" on the Soyuz 
TM-3 mission, comes to 201 and 202. This figure has also 
been quoted in the press [1], 

If Challenger had not met its disastrous end early on in the 
launch phase of the flight, its three rookie crew members 
would have shared the 200th person in orbit record. As it is, 
AlexdrTder Laveikin, making his space debut on Soyuz TM-2, 
makes the record books as number 200. 

I see Yaron also says that Soyuz TM-3 is the 114th space 
flight. I presume then, that the two manned sub-orbital mis¬ 
sions of project Mercury and the Russian Soyuz 18A [2], 
which after all did get 90 miles up, are not counted. 

MIKE KITCHENER 
Hertfordshire, UK 

R«fw«nc«i 

1 Financial Times, August 1, 1907. 

2. Manned Spaceflight Log, Tim Fumiss. 19S3. 


Mir Complex 1/10-Scale Model 

Sir, The Soviet pavilion at the 1987 Le Bourget Air and Space 
Show was most impressive - especially the Mir combination 
mock-up. But after a good look at it I came to the conclusion 
that it was a rebuilt version of the Salyut space station shown 
in Paris in 1985. 

The Kvant was also different from the pictures I have of 
the Kvant trainer at star city. 

French cosmonaut Jean Loup Chretien told me that in the 
near future four modules will dock around the multiple dock¬ 
ing adapter. Now that is nothing new, but his first flight 
onboard Mir will take place after the four modules have been 
attached. This would mean that all four modules will become 
a part of Mir in 1988. Asking what these modules look like he 
told me that they are all Kvant shaped, but with a different 
interior with equipment for such things as biological and 
medical experiments. 

For a year and a half now my interest in manned space- 
flight has been in the Mir space station, because I am build¬ 
ing this on a 1/10 scale. 

PHILIPP van STRATUM 
Asten, The Netherlands 


368 


SPACEFLIGHT, Vol. 29, November 1987 






CORRESPONDENCE 


A Space Agency for the Far East 

Sir, Articles in recent issues of Spm&Bgfrt [1,2,3] show the 
present capabilities and future aspirations of three major Far 
Eastern Countries. Other nations in the region are also 
inoeasingly realising the importance of space technology 
(Indonesia, with regard to Comsats, and Australia with its 
possible establishment of a future spaceport at Cape York). 
Added to this are a large number of rapidly industrialising 
nations in the Far East with their emphasis on new technol¬ 
ogy (Singapore, Malaysia, Thailand, South Korea, Tiawan, 
Philippines etc). 

An ESA style grouping of all, or just some of these nations, 
would provide a fourth space community (after the USA, 
USSR and Europe) which, in years to come, could represent 
a sizable proportion of the world's population, industrial, 
commercial, and political activity. 

Whether such an organisation will ever come into being 
depends on many factors, but ESA itself shows whatcanbe 
achieved given the right conditions. 

P.A. HEARD 
Cumbria, UK 

1. "Will Japan Steal the Thunder?', Spmafiight, November 1986, p 390. 

2 "India: TheWay Forward', SpaarfUght, December 1986, p. 430 
3. "China - In Business and Advancing Fast', SpaaMght, February 1987, p. 62 


Space Stations Photographed 

Sir, In a recent article in Soviet Scene ( Spaceflight , June 
1987, p. 238) concerning two photographs of the Mir and 
Salyut 7 space stations taken by BIS Fellow Alan Lawrie as 
they passed in close formation over Southern England on 
June 26,1986, it was stated that it was believed thatthis was 
the first time such photographs had been published. Mr Law¬ 
rie and others may be interested to know that a colour photo¬ 
graph of Mir and Salyut 7 flying in formation as they passed 
over Washington, DC, USA in April 1986 has been published 
as part of a Soviet space programme feature [1], The photo¬ 
graph was taken by Houston resident Mr Paul D. Maley, a 
regular monitor of Soviet spacecraft. The two spacecraft are 
shown on the same image and appear bright and clear. How¬ 
ever the distance between them does appear to be consider¬ 
ably greater than shown in Mr Lawrie's photograph. 

Such photographs again highlight the importance of 
amateur work in the field of space flight monitoring espe¬ 
cially of those flights conducted from the Soviet Union. 

KEVIN J. LOWDEN 
The Scottish Council for Research in Education 

Edinburgh 

REFERENCE 

1 National Geographic Magazine, October 1986, p 443. 


Challenger Memory 

Sir, While holidaying in Honolulu earlier this year, we visited 
the "Cemetery of the Pacific" in Punchbowl Crater, which 
contains the graves of thousands of American people who 
died in, or had close connections with, the Pacific area from 
the Second World War to the present day. 

We were very moved to see the mass of fresh flowers 
which covered the grave of Ellison Onizuka, the Challenger 
astronaut who came from Hawaii. We were told by our guide 
that the flowers were renewed daily by the many Japanese 
visitors, fellow Zen-Buddhists of Ellison, who regard his 
grave as a holy shrine. 

M.E. MASON (MRS) 
Surrey, England 


Spaceflight 

Sir, Each edition of your magazine Spaceflight brings me a 
great deal of interesting and useful information which is 
almost always up-to-date. Even details about our own space 
programme, which I do not know and which I think many of 
our own people do not know either, I find in your marvellous 
magazine. Your magazine makes me feel that progress has 
not stopped, that humanity goes on ahead opening up new 
prospects and developing new technologies. Thank you for 
that. It helps me to endure living in this troublesome world. 

I am an engineer, aged twenty-eight, and am very 
interested in linguistics as a hobby. 

ANDREW V. VYGONSKY 
Kiev, USSR 

Spaceflight 

Sir, I recently read the August 1987 issue of Spaceflight and 
was most impressed, particularly with your coverage of the 
Soviet scene in which I am particularly interested. As 
detailed information of the Soviet space programme is not 
readily available, I see your publication as an excellent 
source of authoritative and up-to-date comment thereof. 

R.C. SINCLAIR 
Roleystone, Western Australia 

Mir's Docking Ports 

Sir, Over the past 18 months, we have all learned a great deal 
about the Mir Space Station, much more than any previous 
Salyut Station. 

Wesa w pictures of its launch only 24 hours after the event 
on February 20, 1986 and within a month were given a 
guided tour from spacebytheSoyuzT15crew. The best was 
yet to come. Two full-scale mockups have allowed analysts 
to gain much more detail than ever before. 

On May 24, 1986, during a British Parliamentary visit to 
Moscow ( Spaceflight , August 1986, p.291). Western jour¬ 
nalists viewed the Star City mockup and more recently the 
world's aerospace community had a hands-on tour of a new 
mockup at the Paris Air Show ( Spaceflight , August 1987, 
p.273). It is of interest to note that both mockups differ in one 
curious-way, not just from one another, but also from the Mir 
station in orbit. 

From cutaway diagrams and interior photos of Mir's 
revolutionary multi-docking unit, it is apparent that only two 
of its five ports retain conical receptacles (not including the 
rear service port) which will allow hard docking by approach¬ 
ing craft, while the remaining three ports can only allow soft 
docking via the Ljappa Arm System ( Spaceflight , May 1987, 
p.184). 

An interior photo of Mir's multi-docking unit shows the 
forward and upper ports to have the conical receptacle, while 
the Star City mockup shows the forward and port docking 
ports to have receptacles. And, finally, the Paris Air Show 
mockup shows the forward and starboard docking port to 
have .receptacles. In each case the remaining three ports 
have no such receptacle. 

What's going on? Are the Soviets trying to confuse us? Or 
are they rotating the multi-docking unit 90 degrees on both 
mockups in order to display the second receptacle? I believe 
this to be the case. 

Why the need for an extra receptacle? It seems quite clear 
- either for a third Soyuz TM to allow a total of nine crew 
simultaneously, or for a second Soyuz TM, thus leaving the 
rear port permanently free for a new advanced Progress ves¬ 
sel, due this year or next. 

The use of these ports will certainly be an exciting area of 
future study. Can anyone add to this? 

LEE CALDWELL 
Toronto, Canada 
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SL-16 Launcher Variants and the 'Small' Soviet Shuttle 


Sir, The Russian Heavy Lift Launch Vehicle 'Energia' is obvi¬ 
ously attracting much attention at this moment in time. What 
is more intriguing to me, however, concerns its SL-16 type 
boosters and their alternative use as a Medium Lift Launch 
vehicle with possible variants. 

It would appear from press coverage of the launch of 
Energia that the Medium Lift Launch Vehicle has a single 
engine producing 450 to 500 tonnes of thrust and dimen¬ 
sions of some 5 metres diameter by 40 metres length and is 
recoverable after use. If the above statement is approxi¬ 
mately correct, I would suggest the following possible var¬ 
iants: 

1. A single core recoverable stage plus a second stage (not 
recoverable) to launch around seven tonnes. This would 
be an SL-4 (A2) replacement (and a general workhorse 
for the Vostok/Soyuz series). 

2. Single core stage and two equal boosters (all recovera¬ 
ble) with a second and possible third stage to launch 20- 
25 tonnes. This would be a replacement for the Proton 
SL-12,SL-13(D1) series. 

3. Single core stage plus four equal boosters (all recovera¬ 
ble). The core stage ignites at altitude and with a second 
stage can place a 35-40 tonne small shuttle (or space- 
plane) into LEO. With third and fourth stages it will send 
a 9 tonne payload to the planets. (This is an extra launch 
capability yvhose performance lies between that of the 
Proton and the Energia). 

I illustrate the modular standardised assemblies which 
seem to me to be a logical progression from old to new 
designs that offer greater flexibility and efficiency with con¬ 
siderable cost improvement. I mention 'small' shuttle but the 
Russians may use another name, reserving shuttle for the 
big vehicle to be used in conjunction with their large space 
base. Statements made by the Russians, Western press and 
individuals do not make sense unless one assumes two 
types of vehicle. 


Possible SL-16 Variants. 


Soyuz 


Stage 1 
SL-16 



77*5m 


V L 


SL-4(A2) 


Salyut- 

Mir" 

Stage 3 


Stage 2 



Stage 1 

2*SL-16 

Boosters 

1xSlr16 

Core 




SL-12 SL-13 (D1) 


A suggested specification for the 'small' shuttle is: 


Crew and passsengers 

Payload 

Total Weight 

Total number envisaged 

(2/3 for military, 1/3 for space station use) 

Operation 


10 

5 tonnes 
40 tonnes 
20-30 

Manned or unmanned 


The cargo bay 5 m long by 3 m diameter is designed to 
accept near standard modules for minimum integration 
time, which is important for military use. For space station 
use, the cargo bay would transport stores and/or crew mem¬ 
bers and may also be equipped as a small space laboratory. 
The docking system, which is compatible with the current 
Soyuz, is at the rear of the vehicle and would be removed for 
non-station use. 

Comments from anyone who might be following these 
developments would be greatly appreciated. 


R. HARVEY 
Portsmouth, UK 

A response to Mr Harvey's letter has been provided by 
Anthony T. Lawton, who writes: 

Most Western authorities would agree with Mr Harvey 
that there are two different types of spaceplane or shuttle 
being developed in the Soviet Union. 

Earlier speculations had always assumed a small vehicle 
(often quoted as 'Kosmolyot') and the existence of the much 
larger Buran ('Snowstorm') which came as a surprise 
when first quoted by Western circles in 1982-83. 

By July 1987 reports indicated that the smaller vehicle 
would be "tested shortly". It is my personal opinion that it 
has already been tested in short sub-orbital hops over 
selected sections of the Soviet test ranges. These have not 
been rated as space flight and are not to be found in 'Satellite 
Digest' or similar logs. 'Energia', the Heavy Lift Launch Vehi- 
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Small Soviet shuttle: Payload 5 tonnes; All-up weight 40 tonnes; Launch veh¬ 
icle 5 xSL-16. 

cle, has of course been heavily publicised and will continue 
to be promoted, whereas the SL-16 Medium Lift Launch Veh¬ 
icle has been launched (successfully) several times without 
comment. 

Mr Harvey is also probably correct in his assumption that 
the Soviets are now persuing a more cost effective space 
programme. Soyuz and Proton and their derivatives will still 
be used but gradually phased out and the SL-16 and its 
derivatives phased in as general purpose workhorses. Mr 
Harvey's comments and sketches fit the known configura¬ 
tions used by the Soviets for the SL-16. The SL-16's are man¬ 
ufactured singly and in matched pairs-the latter being strap¬ 
ped together in the Energia assembly. The vehicle lends itself 
to Mr Harvey's conjectures in a typically Soviet fashion. 

Following Mr Harvey's logic the Soviets would have the 
future capability of lifting payloads of seven tonnes to 300 
tonnes to LEO with only two basic types of launch vehicle. 

As regards the 'small' spaceplane itself, I personally think 
it will eventually be revealed as an accurately scaled up ver¬ 
sion of Kosmos 1445 which is too well engineered to be a 
mere "proof of principle" test vehicle. With regard to its size, 
my personal choice would look to a slightly smaller vehicle of 
20-23 tonnes similar to the ESA Hermes. Perhaps it is not a 
coincidence that negotiations are attempting to standardise 
a Franco-Soviet docking arrangement. We may eventually 
see Hermes launched atop an SL-16 assembly. 

Mikial Gorbachev's appearence has hastened the pro¬ 
cess of impressing cost effectiveness. Immediately prior to 
the launch of Energia he visited Tyuratam, accompanied by 
the leading officials of the Army, KGB and the Space Prog¬ 
ramme, and witnessed three satellite launches. He then 
made a major speech assuring workers they could be "proud 
of what they were doing". All technology used was Russian, 
not one item came from the West. 

I suggest that he went to Tyuratam to see for himself that 
the huge sums of taxpayers money were being efficiently 
spent. He appears to have been satisfied - a fundamental 
necessity in view of the future proposed Soviet plans for the 
'Development of Space'. 


Energia; Possible Operating Modes 

Sir, With reference to Mr Lawton's interesting article in 
Spaceflight (August 1987, p.285) on the Soviet booster Ener¬ 
gia, I would like to offer some comments. 

The August 1987 issue of Pravda in English states that 
Energia's total thrust is 4000 tons not 3000 tons as portrayed 
in the article. Each of the four strap-on boosters generates 
800 tons thrust and each of the central four engines gener¬ 
ates 200 tons thrust. Pravda's Energia weight is 2000 tons 
with a payload of 100 tons to LEO, the same as Mr Lawton's 
figures which are the same as the Pentagon's. This seems to 
be the super safe, manned, configuration of Energia. Half the 
engines could fail and you would still keep going. I would 
suggest that the 3000 ton version would usethesame engine 
configuration with stretched tanks. The unmanned version 
of their shuttle could use the 3000 ton mode carrying, 
perhaps, 75tonsof cargo. 

As far as bringing the engines backfFom orbit, I doubt they 
would use the shuttle to do it, simply because the engines 
would be too big and heavy for the cargo bay. I suspect that 
the Soviets want the return capability of the shuttle for more 
important things such as people, processed materials and 
scientific equipment. It is possible that they could use jet 
engines to increase their return weight, but the rocket 
engines would still be too bulky, displacing valuable cargo. 
Most likely they would use some sort of ballistic return 
mechanism, built into the engine compartment, to automati¬ 
cally send them back. 

I was impressed by the high specific impulse values given 
for the engines. They would allow Energia to carry the engine 
return equipment and still put up heavy payloads. Since the 
Soviets have announced that they plan on developing solar 
power satellites as well as a materials processing industry in 
space, it certainly makes sense that they would make use of 
the external tanks, rather than having them burn up. Two 
simple uses could be for fuel storage or for construction 
materials. 

Mr Lawton did not discussthe SLX-16 which I call 'Energia 
. Junior'. This launcher appears to consist of one strap-on 
‘booster engine for the first stage and one central engine for 
the second stage. Stage weights should be around 400 tons 
for the first and 300 tons for the second. This gives a total of 
700 tons with a first stage thrust of 800 tons and a payload of 
about 35 tons to LEO. These figures are different from the 
Pentagon's, but just looking at their diagram in Soviet Milit¬ 
ary Power one has to question how they ever got a total 
weight of 400 tons with a 15 ton payload to LEO. I originally 
thought the SLX-16 was even bigger because the first stage 
engines were supposed to be only 600tonsthrust-1 thought 
they were using two of them, giving perhaps a 1000 ton 
launcher. The SLX-16 is probably a test vehicle for both 
engines of the Energia, as well as a powerful rocket in its own 
right. 


GEOFFREY BESLITY 
New York, USA 

Energia 

Sir, I would like to respond to two letters appearing in the 
Spaceflight issue of September 1987; C.M. Hempsell's 
"Energia Payload" and M.Q.Hassan's "Thoughts on Ener¬ 
gia". 

First I would point out that the major Soviet launch vehi¬ 
cles used for civilian activity have been named aftertheirfirst 
significant payload. Thus, first the Vostok and then the Pro¬ 
ton were both named after the spacecraft/satellites that they 
launched in 1961 and 1965 respectively. The upgraded Vos¬ 
tok then led to the Soyuz booster. That being the case I prop¬ 
ose that Energia is named after the proof-of-concept (scaled 
down, of course) solar power station it carried on its first 
launch. Supporting that contention is the remark of Gury 
Marchuk of the USSR Academy of Sciences that Energia will 
be used to launch "experimental solar power plants". Solar 
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power plants convert solar energy to microwaves which are 
then beamed down for use on Earth. Mr Hempsell is I believe 
correct when he states that the payload was intended for 
geosynchronous orbit. It is far too early for full-scale solar 
power stations as his letter might imply. The Soviet space 
programme does not take such great leaps all at once. They 
are cautious and methodical. It will also be a long time before 
there are geosynchronous manned space stations. Before 
that there well might be manned stations in lunar orbit, how¬ 
ever. 

Mr Hassan's calculations on the thrust of Energia do not 
agree with the announcement that the total thrust of the veh¬ 
icle at I ift-off is 4000 metric ton nes; 800 ton nes for each of the 
kerosene/LOX straps-ons and 800 tonnes for the core LH2/ 
LOX engines. It was also announced that the engines aboard 
were "the most powerful in the world". If interpreted as the 
sum of all the engines it is easily true as 4000 mt is 8.82 mill¬ 
ion lb, which is clearly greater than that of Saturn V (7.5 mill¬ 
ion lb). If each strap-on is a single engine then the strap-on 
single engine thrust is 1.73 million lb which exceeds the 1.5 
million lb of the Rocketdyne F-1. The number of nozzles on 
Energia has yet to be clearly shown. Obviously, should each 
strap-on contain a single nozzle then the Soviet Union has 
produced the most powerful booster from either of the prior 
viewpoints. 

One hopes that the era of Glasnost will lead the Soviet 
authorities to tell us more about their superb new launch 
vehicle. Clearly, a new vista in the exploraton of the Solar 
System is upon us as Energia comes to operational use. 

SAUNDERS B. KRAMER 
Maryland, USA 

Energia: A 3-D Interpretation 

% 

Sir, Further to Mr. Lawton's fascinating article or>Energia in 
Spaceflight (August 1987, p.285), it is interesting to note that 
the picture published with it, while similar to others pub¬ 
lished elsewhere, is from a viewpoint slightly to the left. 

The possibility therefore arises of making a series of 
stereoscopic views, by reducing pictures to a common scale 
and correcting vertical distortions. I enclose one such exam¬ 
ple. 

This leads to many additional observations. On the left of 
the rocket both sideboostersare visible while on the right the 
line of sight passing the nearer sidebooster apparently 
grazes the further one. The four sideboosters are not there¬ 
fore diametrically opposite each other but are positioned as 
in the accompanying diagram. 

This diagram also shows the payload. The sideboosters 
measure accurately at half the diameter of the core, as in Mr 
Lawton's diagram. Photographs published elsewhere indi¬ 
cate, as closely as it is practicable to measure, that the 
payload is the same diameter as the sideboosters. 


Photographs of Energia taken from slightly different viewpoints and scaled to 
provide a stereoscopic pair. 




Approximate plan of Energia core, boosters and payload, as photographed 
(Booster 2 visible behind B 1. B 3 and B 4 almost in line). 


Given the overall height of the rocket as 60 m, the core 
diameter and sidebooster diameter respectively scale at 9 m 
and 4.5 m, as the average of measurements taken off 
perspective-corrected prints. One cannot assume that these 
rounded-off figures are exact but they should not be more 
than a few per cent in error. They seem to preclude the 8 m 
and 4 m given in Mr Lawton's diagram. 

We pass from these dimensions to the volume and weight 
indicated for fuel. Given mildly pessimistic assumptions, the 
volume would appear adequate for the fully-fuelled rocket 
plus payload to lift off at over 3000 tons. One assumes that 
the official figure of over 2000 tons related to the rocket as 
prepared for launch on May 15. 

Even without recourse to a six-sidebooster configuration 
the available stretch in Energia's capability would appear to 
be adequate for any conceivable astronautic or military 
requirement for many years. Flexibility seems to be the 
design keynote. Sideboosters and payloads can be attached 
variably, up to a total of eight. A six-sidebooster configura¬ 
tion, launching at over 4000 tons, could lift two payloads 
dimensionally similar to the May 15 payload but jointly 
weighing over 200 tons. The May 15 payload was dimension- 
ally comparable to the four-module Mir complex. 

Mr Lawton's conjecture regarding the engines seems 
entirely borne out by the long feature on Energia published 
in Izvestia on May 23, based on an interview with Academi¬ 
cian V. Avduyevsckiy. 

Reverting to the pictures, the perspective is such as to 
suggest that they were taken With a 35 mm camera using a 30 
mm focal length lens. The stereoscopic prints may success¬ 
fully fuse into a 3-D image for some people by looking at 
them with the naked eye, but lenses of about four to seven 
inches focal length will help matters and give larger magnifi¬ 
cation. The former gives a result approximating to the scene 
as apparent to the photographer, in terms of angular sizes. 

We are looking at the 'back' of the rocket, i.e. we are 
diametrically opposite the payload. The direction of view is 
North East and the time about 1 Vi hours before local noon. 
The pictures were not taken simultaneously but only a short 
time apart. Evidence of activity shows up in features which 
do not exactly correspond. 

The sidebooster configuration of the May 15 launch, in 
which the sideboosters are set back further from the payload 
than the latter's dimensions necessitate, seems to reflect the 
needs of a winged shuttle launch. This configuration appears 
to be reflected in the fixed layout of the launch area. In other 
words, this configuration may be the standard configuration 
for launches from this pad. 

TONY DEVEREUX 
Essex, UK 
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Endurance Record Broken 

On September 30,1987, Yuri Romanenko broke the space flight endurance record of236 days 22 hours 50 mins 
held by Vladimir Solovyov and Oleg Atkov following their Soyuz T10 launch on February 8,1984. The record is 
expected to be extended by a further two months by the time Romanenko returns to Earth. The record would also 
have been shared with his erstwhile companion cosmonaut Alexander Laveikin but for the latter's return to Earth 
for medical reasons and replacement by Alexander Alexandrov at the end of July. The months of May to August 
were an eventful time at Mir with many comings and goings and much on-board activity, reported here for Spacef¬ 
light by Neville Kidger. 


Progress 30 in Flight 

Between May 11 and 13,1987 Soviet 
leader Mikial Gorbachev visited the 
Baikonur Cosmodrome on a secret 
visit where he saw the facilities for the 
launching of the huge new booster, 
Energia, and witnessed one or two 
launches of Soviet spacecraft. 

In a keynote speech to workers at 
the Cosmodrome, Gorbachev praised 
the two cosmonauts on Mir - Yuri 
Romanenko and Alexander Laveikin - 
whom he said were "keeping their dif¬ 
ficult vigil". 

On May 15 TASS reported that the 
cosmonauts had been occupied in acti¬ 
vation of the Kvant module and Earth 
observations. The agency said that 
Kvant was equipped with an "Elec¬ 
tron" system which "is one of the ele¬ 
ments of the system for maintaining 
the gaseous composition of the atmos¬ 
phere inside the manned orbital com¬ 
plex and for obtaining oxygen through 
the electrolysis of water". 

At 0402 GMT on May 19 Progress 
30, another of the unmanned cargo 
spacecraft which are used to resupply 
the complex, left Baikonur and docked 
with the rear docking unit located on 
Kvant at 0553 GMT on May 21. The 
spacecraft delivered fuel for the engine 
of the complex, food, water, equip¬ 
ment, and mail for the two-man crew. 

In late May the Soviets reported that 
the complex was experiencing a power 
supply shortage due to two things: 

1. The orbit of the complex was at 
such an angle with relation to the 
Sun that there was much less sun¬ 
light available to power up the bat¬ 
teries of the complex to enable the 
full complement of experiments to 
be carried out. 

2. The delay in erecting a third solar 
panel array outside the complex, 
which would have supplemented 
the power available and allowed 
the Kvant module to be fully pow¬ 
ered up. 

The EVAto erect the new solar panel 
had originally been scheduled for early 
May but was postponed after the cos- 
monauts-were reportedly being over¬ 
worked. Because the EVAs are tied to 
those portions of the orbit when the 


complex is under the most sunlight 
illumination in the northern hemis¬ 
phere, the Soviets had to wait until the 
geometryoftheorbitwas again correct 
(one western analyst says that the 
specific conditions for EVAs arise 
every eight weeks). Until the EVAs 
could be conducted the two men and 
the ground controllers had to manage 
power usage carefully. 

The work that the men were 
engaged in through early June 
involved tests of the control of the 
complex (in preparation for the Kvant 
observatory activation), unloading 
Progress 30, further Earth observa¬ 
tions and routine medical checks. 


"EVAs are tied to those por¬ 
tions of the orbit when the 
complex is under the most sun¬ 
light illumination.in the north¬ 
ern hemisphere." * 


Kvant in Action 

On the night of February 23/24,1987 
a supernova was observed in the 
southern sky in the Great Magellanic 
Cloud, one of two nearby galaxies 
which appear as dull cloud-like objects 
in the skies of the southern hemis¬ 
phere. The supernova became an 
object visible tothe naked eye and was 
the first such event to be seen by the 
naked eye since 1604 ( Spaceflight, 
May 1987, p.202). The first observa¬ 
tions of the event from space were con¬ 
ducted on February 24 by the geos¬ 
tationary International Ultraviolet 
Explorer spacecraft which had been 
launched in January 1978. 

On June 9 the two Mir cosmonauts, 
under the control of the ground, 
became the first orbital astronomers to 
observe a supernova visible to the 
naked eye when the "Roentgen" 
observatory mounted on the outside of 
the Kvant module was directed to look 
at the object.Overthe next several days 
the men were to be involved in many 
more observation sessions with the 
observatory. The targets included the 
site of a possible neutron star in the 
constellation of Cygnus. 


EVA from Mir 

The postponed EVAs to erect the 
solar power panel delivered on Kvant 
were conducted on June 12 and 16. 
The Soviets announced that the two 
men were completing preparations for 
the first EVA on June 12 and the actual 
event occurred that night. 

The EVA began at 1655 GMT. The 
cosmonauts had depressurised the Mir 
docking unit andtheOrbital Module of 
the Soyuz TM-2 spacecraft in order to 
accommodate the bulk of the new 
panel (the Soviets have revealed that a 
larger, more spacious airlock will be 
delivered to Mir at a future date). The 
men then floated out into space with 
two "fairly bulky containers-one con¬ 
taining the solar battery panel and the 
other a unique device.... (containing) a 
fairly long lattice mast structure which 
pulls out the solar panel like a concer¬ 
tina," the Soviets said. 

The first EVA was to install the con¬ 
tainer with the 'mast onto the area of 
Mir allocated and the central rod of the 
device was successfully inserted onto 
the correct position. TV pictures of the 
cosmonauts in space were later 
released. With the job done rather fas¬ 
ter than anticipated the cosmonauts 
were instructed by Valeri Ryumin to go 
back into the space station. It was later 
revealed that Romanenko and Laveikin 
had conducted the first EVA without 
being attached to the station by means 
of tethers, at their own requests. It had 
lasted just one hour and 53 minutes. 

The second EVA would see the cos¬ 
monauts take out "the second floor of 
the structure, one more frame and two 
panels of photoelements," the Soviets 
revealed. The whole structure would 
then be unfurled andtheelectrical con¬ 
nections made toenablethenewpanel 
to begin providing power to the com¬ 
plex. 

At 1530 GMT on June 16 Radio Mos¬ 
cow announced that the cosmonauts 
had "right now" begun the second 
EVA. The TV report which followed 
shortly after showed two space suited 
figures in the Zvodznyy Gorodok hyd¬ 
rotank performing operations with a 
mock-up of the solar panel. 

The first job for Romanenko and 
Laveikin was to connect the panel to 
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Romanenko floats intront of the new solar panel erected during EVAs on June 12 and 1b. 



Mohammed Faris on Mir during a TV broadcast. 


the electrical system of Mir. All the 
power cables had different colours as 
an aid to the task. 

On July 2 the cosmonauts con¬ 
ducted a feasibilty study of the 
techniques for the clinical analysis of 
blood in space. Up to then blood sam¬ 
ples were taken in space and examined 
back on Earth. 

The cosmonauts also spent much 
time photographing and obsep/ing 
sites on Soviet territory as part of their 
programme for studying the natural 
resources of the USSR and monitoring 
the environment. 

On July 7 the integrated propulsion 
system of Mir was refuelled from Prog¬ 
ress 30. The cargo spacecraft was used 
the next day to adjust the groundtrack 
of the complex. On July 10 another 
adjustment was made by the cargo 
ship. 

Reports over the next few days 
spoke of experiments with the "Fiton" 
biological installation in which plants 
were being cultivated, the Svetoblok 
unit in which a Gel experiment was 
being conducted, the Yantar and Krital- 
lisator unit (which was made in 
Czechoslovakia) and electrophoresis 
processing activities. 

During July 14 the Soviets said that 
the men had conducted observations 
of the USSR over the areas of the Far 
East, Moldavia, the Crimea, the Pamir 
Mountains, the Caspian Depression 
and other areas. The areas of the sky 
which the cosmonauts had been study¬ 
ing with Kvant's observatory included 
areas of the constellations of Cygnus, 
Centaurus and Hercules. The first UV 
pictures had also been taken some¬ 
what earlier with the Glazar telescope. 


The latter telescope has a 40 cm 
diameter main mirror and records its 
observations onto film which is 
enhanced by an electronic amplifier. 
The cosmonauts on Mir will return the 
rolls of film to Earth at intervals. The 
Soviets say that tens of thousands of 
pictures will be taken by the Glazar 
telescope during its lifetime. 

On July 15 it was revealed that the 
men had been participating in another 
Earth Observation experiment involv¬ 
ing countries allied to the Interkosmos 
organisation. Past editions of Mission 
Report in Spaceflight have 
documented these experiments which 
occur during the summer months. The 
1987 experiment was called "Tele- 
Geo-87" and took place over the territ¬ 
ory of Poland. As in the previous exper¬ 
iments the pictures taken by the orbit¬ 
ing cosmonauts would be 
supplemented by pictures from the 
Meteor satellites, aircraft and samples 
taken from the observed sites. 

The cosmonauts were again ahead 
of their timeline and TV viewers could 
see the cosmonauts later working With 
the central rod and the solar panels. 

The next job was to unfurl the 
panels themselves. The Soviets said 
that the activity passed uneventfully 
and soon the new panel was fully 
deployed. The panel assembly was 
said to be 10.6 m long with an aggre¬ 
gate effective area of 22 m 2 . The 
Soviets said that if a fault was detected 
the whole assembly could be retracted 
and replaced. As more modules are 
launched to the station and electrical 
power needs to be increased then 


more-panels will be flown to the com¬ 
plex. 

Before returning to Mir's interiorthe 
cosmonauts placed cassettes with var¬ 
ious sample materials on the exterior 
of the station for exposure to space. 
These samples, which include various 
structural and heat-shield materials, 
will probably be collected during a 
later EVA. 

The cosmonauts returned inside 
after an EVA which had lasted three 
hours and 15 minutes. TASS praised 
the cosmonauts' "high profes¬ 
sionalism and skill". 

Working on Mir 

On June 19 TASS revealed that the 
medical group on Earth was "closely 
following the state of health" of the 
men and said that a comprehensive 
check of their cardiovascular system 
was being conducted with the Gamma- 
1 apparatus. 

During the next few days the men 
were involved in various station 
maintenance opertions and experi¬ 
ments with the Kvant. An earlier report 
said that the observatory on Kvant had 
been successfully pointed to a specific 
point in space with an accuracy of one 
arc minute which the Soviets said was 
some ten times better than originally 
expected. The observatory included 
four X-ray telescopes and a Soviet/ 
Swiss UV telescope. 

Other reported activities included 
the replacement of a unit in their on¬ 
board computer complex and scientific 
experiments on the Korund smelting 
furnace, the Biostoykost installation to 
make polymers and the Yantar installa- 
I tion to deposit thin coatings of metal in 
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Soyuz rM-3 just before launch on July 22. Note the photographer on left In th is shot. 


weightless, vacuum conditions. 

At0020GMTon July 19 Progress30 
separated from the Kvant docking unit 
and was later commanded to a 
destructive re-entry in the upper 
atmosphere where it burned up. 

As the cosmonauts in orbit con¬ 
tinued their experiments, work at the 
Baikonur Cosmodrome was reaching a 
climax for the despatch of the Soviet/ 
Syrian three-man Soyuz TM-3 space 
mission. The flight was the first in over 
three years to feature a guest cos¬ 
monaut. 

Soyuz TM-3 International Mission 

Between March 1978 and May 1981 
nine Soyuz spacecraft carried guest 
foreign cosmonauts to Salyut 6. Two 
further flights were made to Salyut 7 in 
Jurfe 1982and April 1984carrying cos¬ 
monauts from France and India. The 
Salyut 6 flights arose from a 1976 Inter- 
kosmos agreement whilst the two 
other flights were derived from invita¬ 
tions to the guest country by the Soviet 
government. 

The flights had two purposes: 
switching of Soyuz spacecraft to allow 
the resident crew of the Salyut to have 
a "fresh" spacecraft, and politics. 
Although the Soviets did not always 
switch spacecraft on international mis¬ 
sions the flights always generated a 
great deal of publicity. 

In late 1985 it was revealed that two 
Syrian Air Force pilots "Mohammed 
Faris and Munir Habib, had arrived in 
Moscow to train for a flight to a Soviet 

•Early in 1968 a Soviet/Bulganan flight will be made to Mir. The Bulga¬ 
rian will probably by Alexander Aleksandrov and his reserve will be 
Krasimir Stoyanov. In late 1988 Frenchman Jean-Loup Cretien will fly 
to Mir for a long-duration flight of about one month where he will con¬ 
duct an EVA Future flights will include an Afghan cosmonaut and pos¬ 
sibly an Austrian cosmonaut 


station. Other flights have since been on July 22, just after dawn at the Cos- 
announced.* modrome. The event was shown live 

Faris and Habib were assigned to on TV for the Soviet Far East and in 

flight teams in late December 1986. Syria. The new cosmonaut comman- 

The prime crew consisted of Soviets derof Soyuz TM-3, Viktorenko, had the 
Alexander Viktorenko and Alexander call-sign of "Vityazi" (Knights). 
Alexandrov with Faris and the reserve On the fourth and fifth orbits of 

crew of Soviets Anatoli Solovyov and Soyuz TM-3 a double impulse man- 

ViktorSavinykhwith'Habib.Thelaunch oeuvre Was conducted on command 
date was set as July 22 and the flight from Earth and at 1020 GMT the cos- 

was due to end on July 30. The cos- monauts were allowed to sleep, 

monauts were to fly to Mir, conduct Early the next day another man- 

experiments with the main crew for oeuvre was made to increase the 

some days and then return to Earth on perigee of the orbitfrom 236 km to 304 

Soyuz TM-2 leaving their TM-3 craft for km. Apogee was 365 km, the Soviets 
the resident crew. said, therefore there would have to be 

The launch occurred at 0159 GMT another manoeuvre before the final 

Laveikin (centre) and Viktorenko at the Soyuz TM-2 landing site. 
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approach to the Mir complex could 
begin. The two-day approach is now 
standard practice for the Soyuz space¬ 
craft and saves fuel. 

The two cosmonauts on Mir were 
now working a different timetable to 
accommodate the international flight. 
The men were to retire to sleep at 1530 
GMT on July 23 to be awake for the 
early morning docking of the interna¬ 
tional crew. 


"The men had earlier transfer¬ 
red into the spacecraft and 
bolted themselves in. Mir/ 
Kvant was then commanded to 
rotate 180 degrees and the 
spacecraft was manoeuvred to 
dock with the vacant port." 


The final approach of Soyuz TM-3 
was shown live on TV in Syria and also 
in the Soviet Union on the new break¬ 
fast TV show there. The Syrian delega¬ 
tion at the Flight Control Centre 
watched intently as the TV showed the 
initial contact of TM-3 with the Kvant 
docking unit at 0331:23 GMT, July 24. 
The hard docking itself took place with 
a force of some 20 tonnes. 

The hatches between -Kvant and 
Soyuz TM-3 were opened just before 
0500 GMT (with the help of a crowbar 
due to a slight pressure difference bet¬ 
ween the two craft) and the Syrian 
cosmonaut was the first to float into 
the station. He was greeted warmly by 
Romanenko and Laveikin and he 
wished the men "Dobroye Utro (Good 
Morning), Salam." 

During the live TV broadcast of the 
meeting Vladimir Shatalov, the former 
cosmonaut and now the head of the 
training centre near Moscow, said that 
the TM-3 Flight Engineer, Alexandrov, 
would stay on the complex and Ale¬ 
xander Laveikin would return in Soyuz 
TM-2. Shatalov said that medical 
specialists had detected changes in the 
cardiogram of the TM-2 Flight 
Engineer and that Mir's facilities "were 
insufficient for conducting a more pro¬ 
found, more thorough analysis". 
Shatalov stressed that there had been 
"no serious mis-givings" about the 
health of Laveikin but with a long flight 
ahead it had been considered best to 
bring him home. Alexandrov had been 
given a month's training on the Mir 
mock-up to enable him to take over. 

In a subsequent press conference, 
Viktor Blagov, the deputy mission con¬ 
troller, said that the international crew 
would return home in Soyuz TM-2 and 
would leave TM-3 for the new pair of 
Romanenko and Alexandrov. 

Blagov revealed from now on it was 
planned to make both full and partial 


In Mission Report August 1987 p.282, a sentence was inadvertently 
altered to give a mis-leading statement "For the next days the two cos¬ 
monauts spent time on routine maintenance, medical tests and 
activating the Kvant module * (col 3, para 41 should have read " in¬ 
stead of activating the Kvant module" 


replacements of crew members of the 
Mir main crews. He said that Laveikin's 
was "a planned replacement" but 
admitted that the cardiologists had 
some reservations, although insig¬ 
nificant ones, about the health of the 
cosmonaut. 

In space, the five cosmonauts set¬ 
tled down to a meal and an exchange 
of telegrams w h the Soviet and 
Syrian leaderships. 

Soviet/Syrian Work in Space 

Syrian specialists had named their 
experiments, which encompassed 
Earth observations, medical checks 
and technology, after ancient cities of 
Syria. 

In the Euphrates experiment the 
cosmonauts conducted visual, photo¬ 
graphic and spectrometric surveys of 
Syrian territory. The data will be used 
for surveys for minerals and water as 
well as pollution in the atmosphere 
and coastal regions. 

The Bosra experiment involved 
studies of the upper layers of the 
atmosphere and ionosphere to perfect 
mathematical models. 

In the Palmyra experiment seven 
pairs of syringes were used to combine 
two substances to obtain a crystalline 
structure similar to bone tissue. On the 
ground the subSta'rice will be tested. 
The Soviets said that’the synthetic sub¬ 
stance was comparable to human den¬ 
tal and bone tissue. 

There were two reported experi¬ 
ments in the Kristallisator unit. Under 
the Kasyun codename an aluminium- 
nickel alloy was smelted and in the 
Afamia experiment a monocrystal of 
gallium was obtained. 

The cosmonauts used the Ruchei 
(Brook) equipment to clean, by elec¬ 
trophoretic means, several batches of 
gene-engineering interferon and anti¬ 
flu preparations and also used the 
Svetlana equipment (which is 
mounted on Kvant) to separate active 
micro-organisms producing antibio¬ 
tics for the needs of stock rearing. 

On the medical sidet he cosmonauts 
conducted the Ballisto experiment to 
record the activities of their hearts and 
other medical parameters. The aim of 
the medical tests was to gather further 
data on the early days of the body's 
adaptation to weightlessness. They 
also continued the Anketa (Question¬ 
naire) experiment which saw the men 
answer a set series of intricate ques¬ 
tions before, during and after the flight 
to assess their state of mind. This 
experiment has been a standard one 
for international flights since Soyuz28. 

From the start Viktorenko, who was 
making his first space mission, seems 
to have adapted very well to 
weightlessness, prompting a question 
about his success at the post-flight 
press conference when the cosmonaut 
himself attributed it to ten years of 
training. Faris, the commander said. 


sufferedslightly initially but by the sec¬ 
ond day was working well. Alexan¬ 
drov, of course, had flown in space for 
over 149 days in 1983. 

At one point the cosmonauts jok¬ 
ingly asked for more hours in the day 
so that they could complete all the 
work. A Soviet report said that the men 
were working generally ahead of 
schedule. At one point Romanenko 
admitted to some confusion about 
there being three cosmonauts aboard 
Mir with the first name of Alexander! 

The cosmonauts held two press 
conferences, interspersed with their 
experiments, answering questions 
which had been sent to them in 
advance. In one of them Romanenko 
said that he would like to fly with Faris 
on an international mission to Mars; 
Faris agreed that he would accompany 
the veteran Soviet cosmonaut. Faris 
had brought with him to the station a 
number of momentoes, including 
political items and Syrian wheat. The 
cosmonaut refuted suggestions that 
he was simply a passenger on the flight 
and claimed that he was making an 
active contribution, citing the Eup¬ 
hrates experiment. Early in the flight, 
Vladimir Shatalov had said that the 
training cycle for international flights, 
which is currently 18 months, might be 
reduced as more experience was 
gained. 

Descent to Earth 

At1700GMTon July 29Soviet radio 
began a broadcast covering the prep¬ 
arations for the return of Soyuz TM-2. 
After bidding an emotional farewell to 
Romanenko and Alexandrov, cos¬ 
monauts Viktorenko, Laveikin and 
Faris transferred into Soyuz TM-2. At 
1708 GMT the hatches were closed. TV 
showed the departure later. 


"There had been 'no serious 
mis-givings' about the health of 
Laveikin but with a long flight 
ahead it had been considered 
best to bring him home." 


After a final check of the spacecraft 
systems, Soyuz TM-2 was undocked 
from Mir's front docking unit at 2034 
GMT. On the second orbit after 
undocking the Orbital Module was cast 
off. It was later revealed that the origi¬ 
nal landing was to have taken place at 
2330 GMT but that the event had been 
postponed for two orbits due to floods 
at the primary site due to "abundant 
summer rains". One previous Soyuz 
mission had landed in a lake (Soyuz 23) 
and the Soviets had no desire to repeat 
the experience of that flight! 

The Soyuz engine was ignited for 
210 seconds to initiate the descent to 
Earth. The search and rescue teams 
had left their bases about an hour 
before the scheduled landing time. 
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Dawn was just breaking as they 
departed. The helicopter pilots were 
the first to spot the hugh parachute 
containing the Soyuz TM-2 descent 
cabin. The first indications of the 
trajectory gave concern to the pilots - 
winds were blowing the capsule 
towards a small settlement. 

However, the winds carried the cap¬ 
sule over the settlement and the cos¬ 
monauts landed safely in a field at0104 
GMT July 30 some 2 km from the 
nearest building. The site was near the 
town of Ladyzhenko, some 140 km 
north-east of Arkalyk. 

The landing was covered live on 
radio. First out of the downed capsule, 
which was charred on one side and 
lying on its side, was Viktorenko, fol¬ 
lowed by Faris. The two cosmonauts 
were said to be in "jaunty spirits". 
However, the long-stay Flight 
Engineer, Laveikin was said to look 
"pale". Laveikin said that he had not 
enjoyed leaving Mir and would gladly 
return. The cosmonauts were inter¬ 
viewed in special lounge chairs 
brought for them by the rescue ser¬ 
vices. 

They were later taken by helicopter 
to Arkalyk and then flown to the 
Baikonur Cosmodrome. Laveikin had 
to be helped off the airplane by medical 
staff and a reporter commented that he 
looked like a man who had been away 
from Earth for half a year and that the 
experience placed "a heavy burden" 
on the man. 

Redocking of Soyuz TM-3 

At 2328 GMT on July 30 Romanenko 
and Alexandrov, the new "Taimirs" 
(Romanenko's call-sign), undocked 
their Soyuz TM-3 spacecraft from the 
Kvant module. The men had earlier 
transferred into the spacecraft and 
bolted themselves in. 

Mir/Kvant was then commanded to 
rotate 180 degrees and the spacecraft 
was manoeuvred to dock with the vac¬ 
ated front docking port at 2348 GMT. 
There appears to have been no live 
coverage of the event because it occur¬ 
red in the early morning Moscow Sum¬ 
mer Time. 

A report issued on July 31, during a 
press conference at Baikonur for the 
TM-3 cosmonauts, said that ho prob¬ 
lems had been revealed with Laveikin's 
cardiovascular system. Further study 
of the cosmonaut would be done at the 
All-Union Cardiology Unit in Moscow, 
the Soviets said. 

Soviet TV crews were al lowed to see 
Laveikin in his room wearing special 
leggings to counteract the unpleasant 
sensations of standing. The cos¬ 
monaut said that he had come to know 
every nut and bolt, every panel, every 
cable and instrument on Mir and that 
he was'disappointed when the doctors 
told him to come home. "And you can't 
disobey doctors' orders, can you?". 

It was later revealed that towards 


the end of Laveikin's stay in space 
changes in the rhythm of his heart 
whilst under physical stress loads had 
been noted and that it was difficult for 
the specialists to forecast further 
changes in the rhythm. 

Doctors had rejected outright any 
possibility of treatment in space 
because of possible Side effects of the 
drugs which would need to be used. 
The cosmonaut himself felt no 
unpleasant sensations, specialists 
noted, but they did advise Laveikin on 
his professional activities, physical 
training and work-and-rest regimes. 
The tests to try and determine the 
cause of the irregularity were due to.be 
carried out about two months after the 
cosmonaut's return to Earth. 

Working on Orbit: A New Cargo Ship 

The only reported activities of 
Romanenko and Aleksandrov in the 
first days of August involved station 
maintenance activities, biological 
studies and more observations of the 
supernova in the GMC with the Kvant 
X-ray telescopes. 

At 2044 GMT on August 3 Progress 
31 was launched from the Baikonur 
cosmodrome to fill the Kvant docking 
port vacated by the Soyuz TM-3 
spacecraft on July 30. The cargo 
spacecraft docked with Kvant at 2228 
on August 5 and the next day the cos¬ 
monauts began unloading the cargoes 
it had delivered. 

As they began to install the deli¬ 
vered equipment in Mir and Kvant 
reports of their activities became 
sparse and low-key. The next few days 
saw the two men continue unloading 
Progress, conducting observations of 
various targets with the X-ray tele¬ 


scopes and conducting medical experi¬ 
ments. 

On August 12 the men prepared the 
Korund furnace for a routine experi¬ 
ment to obtain crystals from a semi¬ 
conducting material with improved 
properties. They also made more 
astrophysical observations. 

By August 17 the cosmonauts had 
begun another cycle of observations of 
Soviet terroritory which would last for 
several months, the Soviets said. The 
experiment involved, amongst other 
things, measurements of the atmos¬ 
phere over a Kazakh power station to 
monitor air pollution. The work was 
being alternated with more astrophysi¬ 
cal observations. 

On August 23 it was reported that 
the men were observing the Pacific 
Ocean and the Sea of Japan to collect 
data to help forecast the approach of 
typhoons. 

On the last day of August the cos¬ 
monauts conducted an emergency 
drill when, at an unspecified moment, 
the men were told to evacuate the sta¬ 
tion. They quickly donned their 
spacesuits and transferred to Soyuz 
TM-3 and sealed themselves in. The 
drill over, the cosmonauts returned to 
Mir and continued their scientific work. 
The cosmonauts had practiced return¬ 
ing home in an emergency buttheyare 
not due to return home on schedule for 
a while; Soviet commentators 
revealed as August gave way to Sep¬ 
tember that the cosmonauts would 
return to Earth in December and that 
they would be replaced by another 
Soviet crew, probably cosmonauts 
Vladimir Titov and Alexander Sereb- 
rov, who may try for a full year in 
space. 
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The Kvant module (above) was originally 
intended todock with Salyut-7 at the front docking 
unit and had to be extensively modified when it 
was decided to delay its launch and dock it instead 
with the Mir rear port. In this new configuration, a 
Progress service module docks at Kvant which 
had to be equipped with fuel lines to carry fuel 
from Progress into Mir 


The progressive development of Soviet space¬ 
craft is illustrated (left) in this diagram which 
shows the 'parent' craft Vostok and Soyuz and 
other craft which have arisen from them. 


Soviet Shuttle for Space Station Role 


The Soviet Union's space programme relies to a large extent on technologies 
developed 15 to 20 years ago. Their philosophy has always been to gradually improve 
existing equipment, rather than design completely new hardware. However, with the 
new Energia launcher and the soon-to-be introduced Soviet shuttle, the Russians are 
introducing space hardware of a truly new design into their manned programme for 
the first time since 1971. In that year, the last of a family of basic designs was put to 
the test in the form of a space station, Salyut. Lucien van den Abeelen here reviews 
past and future trends in Soviet space hardware and highlights the transition that is 
now gradually taking place to a new era of space exploration. 


Vostok, Soyuz and Salyut 

The Soviets have only ever 
designed three manned vehicles. This 
trio has proven to be reliable, capable 
of relatively easy modification and to 
be the backbone of an aggressively 
expanding space programme. The 
three 'parent' craft were Vostok, Soyuz 
and Salyut. After successful missions 
as craft in their own right, each ofthem 
was developed further, entering a sec¬ 
ond and sometimes third career. Many 
of the derivatives are still flying today. 

After six manned flights, Vostok 
became Voschod. Only in the last few 


years have the Soviets admitted that 
Voschod was a modified Vostok. The 
vehicle later became an animal-carry¬ 
ing research satellite named Biosput¬ 
nik and is still used today. Another ver¬ 
sion still frequently flying is the recon¬ 
naissance/spy Vostok, capable of 
returning high resolution film. 

The Soyuz in its present form is the 
third generation of a craft introduced 
twenty years ago. Although its debut 
ended in the tragic death of cosmonaut 
Vladimir Komarov, and there were sev¬ 
eral docking failures, Soyuz has carried 


out more than 50 manned missions. 
Soyuz gave rise to Zond and the Prog¬ 
ress freighter and later to the 'T' and 
'TM' versions. A spy version with real¬ 
time imaging capability is also in use. 

Salyut-1, launched in 1971, was to 
become a successful design, the basis 
of which is still likely to be in use 25 
years after its inauguration. Though 
Salyuf'+iad its problems too, it was 
improved considerably. At first it was 
only a lab for short-term use, then cap¬ 
able of being resupplied, and finally, 
being expanded. 
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Mir 

Today, we recognise the Salyut 
design in all elements that are to make 
up the Mir infrastructure of the near 
future. The core station itself, the Kvant 
module, the Earth-resources, astro¬ 
nomical, biological and technological 
modules and their supportcraft all 
share the basic Salyut design. 

Mir was in the pipeline for a long 
time. Ever since the first launch of 
Salyut, the Soviets declared their 
intention to orbit 'large orbital research 
complexes, to be assembled from 
separately launched elements.' 

It is however, surprising that it took 
15 years from the prototype Salyut unit 
to the first application of the idea with 
the Mir station. The Soviets have indi¬ 
cated that Mir can be used for 'about 
ten years' with continued changes of 
configuration as modules are added 
and replaced, dictated by scientific 
demands and the advance of space 
technology. In a recent publication, it 
was emphasized Mir was only a pro¬ 
totype of a future modular space sta¬ 
tion [1]. It may be therefore that there 
will be only the one Mir core station. A 
decade seems to be the average time 
necessary to develop and execute a 
new space project; so once Mir ends its 
useful time in orbit, the next genera¬ 
tion of .station elements may be ready 
to enter service. The current modules 
are going to play a major role in 
expanding the Mir station. Not only 
will they enlarge the crew and laborat¬ 
ory room, they will double as space 
tugs, free flyers and freighters. The 
booklet indicated that the modules 
were to replace the Progress craft as 
the means of resupplying the station. 

Experimenting with adding mod¬ 
ules to a station in orbit was begun on 
Salyut 7; it received Cosmos 1443, 
which was manned for some time and 
used the first, and up till now only, 
heavy return module. Cosmos 1686 is 
still attached to Salyut 7, to be visited 
once more in a few years time. 

The first module to dock with Mir 
was Kvant, a dedicated module, hous¬ 
ing equipment for astrophysical 
research. However, the design of Kvant 
is not likely to be seen again. Kvant was 
originally intendedto dock with Salyut- 


7 at the front docking unit, as the rear 
unit was needed for the Progress craft. 
After the Soviets experienced prob¬ 
lems with both Kvant (during assem¬ 
bly) and Salyut (the power break¬ 
down), it became clear to them that it 
would be wiser to delay Kvant until the 
Mir station was in orbit. 

However, for attachment to Mir, 
Kvant would have to be extensively 
modified. The module could not be 
docked at the front, because this port is 
to act as the primary unit for all mod¬ 
ules to be added to the core station. 
Neither could it be docked at one of the 
side ports,as Kvant houses gyroscopes 
for pointing the complex, and these 
were designed with the straight-line 
Salyut-Kvant configuration in mind. 
Kvant at a side port would obviously 
not be as effective. So it would have to 
be docked at the rear port, but this 
meant Kvant had to be equipped with 
fuel lines to carry fuel, pumped from 
Progress, into Mir. These modifica¬ 
tions took longer than expected, 
further delaying the launch of Kvant. 
This is the reason Kizim and Solovyov 
returned early from the Soyuz T-15 
mission. As Mir was not equipped with 
scientific instruments and there would 
be no add-on module, the couple had 
nothing more to do on board Mir. 

Energia and the Soviet Shuttle 

Although Mir, in effect, relies on old 
technology, Energia and the Soviet 
shuttle are true innovations. Energia 
will play a major rple in the entire 
Soviet space program and will be the 
key to developing true large-scale orbi¬ 
tal complexes. With 4000 tons thrust it 
is more powerful than the US Saturn V 
rocket, and it seems the May 15 config¬ 
uration is not the end of the line. On its 
first flight, Energia employed four 
strap-on boosters, running on 
kerosene/oxygen. There is room for 
four more on the central core. Thus, 
Energia will be able to put into orbit 
much heavier structures than the basic 
100 ton version. With eight boosters 
and an adapted core with third stage 
and payload on top, Energia could put 
into orbit modules with an 8 m diame¬ 
ter and a mass of up to 200 tons. 
Sources have claimed this kind of sta¬ 
tion has been under development for 
years; it may become a reality within a 
decade [2]. 

In the four booster configuration, 
Energia can carry to orbit the Soviet 
shuttle. Expected to fly within a year, it 
will play a generally different role than 
the US Shuttle does. It is expected to be 
used for taking modules to the Mir sta¬ 
tion, and maybe for bringing old ones 
back to Earth for refurbishment and re¬ 
use, or to examine the influence of 
space on spacecraft structures. With a 
payload bay diameter reported to be 
larger than the US Shuttle, the Soviet 



one could bring back Salyut-7 after its 
solar panels are removed! 

Energia may also launch the flotilla 
of science spacecraft to Mars in the' 
nineties. Inside the payload bay, these 
craft could be subjected to an in-orbit 
checkout before departing for their 
planetary destinations. Servicing and 
in-orbit repair are other obvious uses, 
already successfully demonstrated by 
American orbiters. 

The process of adding new technol¬ 
ogy to an existing stable of reliable 
launch vehicle workhorses, and the 
self-confidence apparent from it, is 
leading the Soviet Union into the 
number one spot of the team of space- 
faring nations. In contrast with the lack 
of activity on the part of the United 
States after the Challenger and sub¬ 
sequent accidents and t turmoil 
within NASA, the Sov : ... seem to 
know where they are going with their 
space programme. 

Rtiwni ■■ 

1. 'From Salyut to Mir', Novoati, 1987. 

2. Aviation Week and Space Technology, June 16,1980, p.28. 


SPACEFLIGHT, Vol. 29, November 1987 


379 



INTERNATIONAL 
SPACE REPORT 

A monthly review of space news and events 


Liquid Booster Design Studies for US Shuttle 


NASA has selected General 
Dynamics and Martin Marietta to 
negotiate for conceptual design 
studies of liquid-fuelled rocket 
boosters proposed for use on the 
shuttle and future launch vehicles. 

Two contracts, each valued at 
approximately $2.5 million, will 
involve nine month parallel studies of 
both pressure-fed and pump-fed liquid 
fuel rocket boosters (LRBs). Both con¬ 
tractors will develop a recommended 
design for each system. 

Marshall Space Flight Center will 
serve in a lead capacity on the project 
in cooperation with NASA's Johnson, 
Kennedy and Langley centres. JSC will 
investigate the booster interface with 
the overall shuttle system, while KSC 
will evaluate LRB effects on existing 


Study results by summer 1988 
could lead to replacement of the 
current solid propellant booster 
system and aid in the selection of 
configurations for future NASA 
advanced launch vehicles. 

The 1986 report of the Commis¬ 
sion on the Challenger accident cal¬ 
led for a fundamental change in the 
US space programme, namely to 
move away from the almost total 
reliance on a single launch system. 


launch and vehicle assembly facilities 
and Langley will support evaluation of 
aerodynamic and aero-thermal 
dynamic data generated at Marshall. 

The LRB studies will evaluate vari¬ 
ous boosterconfigurations and propel¬ 
lant combinations to establish poten¬ 


tial designs. The analyses will include 
assessments of performance, systems 
safety, reliability and integration of the 
LRB with the current Space Transpor¬ 
tation System and existing launch 
facilities, recovery and reusability, and 
both operation and development 
costs. 

Other issues to be assessed include 
techniques for recovery of the liquid 
rocket boosters, salt water exposure 
damage control and cost effectiveness 
of recoverable versus expendable sys¬ 
tems. 

Results of the LRB studies should be 
available next summer to support 
NASA management decisions regard¬ 
ing possible LRB implementation as a 
replacement for the current solid prop¬ 
ellant booster system. Study results 
could also aid future agency decisions 
regarding the planning and configura¬ 
tions selected for advanced launch 
vehicles. 

Requests for proposals for LRB 
designs were issued in May. In addi¬ 
tion to the two firms selected, three 
other firms submitted proposals: Boe¬ 
ing Aerospace, Teledyne Brown 
Engineering and United Technologies. 

Rescue 
Terminal 
for Brazil 

Canadian Astronautics Limited 
(CAL) has delivered the first Search 
and Rescue Satellite and Tracking 
(SARSAT) terminal to the Southern 
Hemisphere. The satellite ground sta¬ 
tion will ensure that survivors of air¬ 
craft and maritime emergencies are 
detected, located and rescued shortly 
after transmitting a simple distress 
signal. 

It will be installed at Cachoeira 
Paulista, near Sao Paulo, and will pro¬ 
vide rescue data to Brazil and its South 
American neighbours on completion 
of operational testing and a local train¬ 
ing programme this autumn. 

The Brazil SARSAT terminal is the 
seventh operational unit delivered by 
CAL with three additional units being 
assembled for Canada and the United 
Kingdom. The majority of the northern 
hemisphere is now within the cover¬ 
age of ground stations provided by 
CAL or the USSR. 


Glavcosmos Spreads Its Wings 


The two-year-old Soviet organisation 
Glavcosmos (the name stands for the Main 
Administration for the Creation and Use of 
Space Technology for the National 
Economy and Scientific Research) is to 
replace Intercosmos in its role of organising 
the USSR's international cooperation in 
space. 

In its early days the Moscow-based Glav¬ 
cosmos was solely responsible for handling 
the commercial side of Soviet space opera¬ 
tions, notably the marketing of the Proton 
booster, ( Spaceflight , December 1986, 
p.424). With the strictly commercial aspects 
of Proton launches now handled by V/0 
"Licensintorg", which is also located in 
Moscow, Glavcosmos concentrates on the 
wide-ranging technical matters of interna¬ 
tional cooperation, including the use of 
space hardware on a commercial basis. 
Theo Pirard here reviews the activities of 
Glavcosmos which fall in five main areas: 

1. Scientific exploration with interplanetary 
probes, such as the Phobos programme to 
explore Mars and its moons, and payload 
opportunities offered or sold on recovera¬ 
ble Cosmos capsules, on Mir-Kvant mod¬ 
ules, on manned Soyuz space flights, or on 
Vertikal sounding rockets. 

2. Remote sensing operations with the sale 
of data and photographs recorded by 
Meteor-Priroda and Cosmos automated 
spacecraft or from the Mir-Kvant complex. 

3. Telecommunications and navigation by 
satellites with the lease of C-band and Ku- 
band transponders from Gorizont-Statsio- 
nar spacecraft. 

4. Microgravity utilisation for materials pro¬ 
cessing with payload opportunities pro¬ 
vided by automated Cosmos spacecraft and 


by manned Mir-Kvant space flights, and the 
lease of Soviet systems for crystals growth, 
for pharmaceutical products and new mate¬ 
rials. 

5. Manned spaceflights with the possibility 
of foreign cosmonauts on board Soviet 
spacecraft coming back in force after the 
first phase of Intercosmos Soyuz flights 
(1978-1984) involving Salyut 6 and 7 sta¬ 
tions. Phase two began with the Soyuz TM3 
mission of two Soviet and one Syrian cos¬ 
monaut ( Spaceflight, August 1987, p.281 
and this issue p.373). 

The next international flights organised 
by Glavcosmos will be in 1988. In the mean¬ 
time the Mir-Kvant station will receive a lat¬ 
eral module for remote sensing operations 
and be inhabited by two new long-duration 
crew members, Vladimir Titov and Alexan¬ 
der Serebrov, who are candidates for a one- 
year stay. 

The Soyuz TM5 mission then follows 
with two Soviet and one Bulgarian cos¬ 
monaut, Alexander Alexandrov, who will 
spend one week in the Mir complex. 

TheSoyuzTM6orTM7 mission with two 
Soviet and one French cosmonaut, Jean- 
Loup Chretien, will spend one month in Mil 
and Chretien will carry out EVA experi¬ 
ments with the deployment of structures 
outside Mir. Plans are in preparation 
through Glavcosmos for a Soviet-Afghan 
and a Soviet-Austrian mission inthe1990's. 
An agreement was signed on July 20 at 
Moscow between Afghan and Soviet rep¬ 
resentatives for the joint flight. Austria has 
just been invited by Moscow to send 
research specialists into orbit with Soviet 
cosmonauts and a similar invitation was 
made to the Indonesian authorities. 
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COSMOS 1850, 1987-49A, 18095 
Launched: 1448,9 Jun 1987 from Plesetsk 
by C-1 

Spacecraft data: Possibly a cylindrical, 
solar cell covered body, 2 m long and 2 m 
diameter with mass around 700 kg. 
Mission: Military communications using a 
store/dump technique. 

Orbit: 783x807 km, 100.82 min, 74.05 deg. 


COSMOS 1849, 1987-48A, 18083. 
Launched: 1850, 4 June 1987 from 
Plesetsk by A-2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in whic% case it has a 
cylindrical body with a conical orbital 
adjustment motor section at one end. The 
oppositeend of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabilisation is probably by the use of 
momentum wheels. The length is about 4 
m, the maximum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Part of the USSR's ballistic mis¬ 
sile early warning system. 

Orbit: Initially 605x39311 km,708.90 min, 
62.89 deg, then raised to 627 x 39728 km, 
717.79 min, 62.90 deg to ensure daily 
repeats of the ground track. 


COSMOS 1851, 1987-50A, 18103 
Launched: 0735, 12* Jun 1987 from 
Plesetsk by A-2-e. 

Spacecraft data: Probably similar to the 
Molniya satellites, in which case it has a 
cylindrical body with a conical orbital 
adjustment motor section at one end. The 
opposite end of the vehicle carries sensors 
and a solar panel array set in a plane at 
right angles to the main axis of the body. 
Stabilisation is probably by the use of 
momentum wheels. The length is about 4 
m, the masimum diameter about 1.6 m, 
and the mass around 1800 kg. 

Mission: Part of the USSR's ballistic mis¬ 
sile early warning system. 

Orbit: Initially 598 x 39377 km, 710.09 min, 
62.88 deg then raised to 600 x 39728 km, 
717.23 min, 62.86 deg to ensure daily 
repeats of the ground track. 


COSMOS 1852-1859, 1987-51A-H, 18113- 
18120 

Launched: 1752,6 Jun 1987 from Plesetsk 
by C-1. 

Spacecraft data: Each satellite is probably 
spheroidal in shape, about 1 m long and 
0.6 m diameter, and with mass approx 40 
kg. 

Mission: Single launch of eight satellites 
to provide tactical, point to point com- 
municationsfortroops or units in the field. 
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An experimental communications satellite designed to test mobile communications technology was 
launched into geostationary orbit by Japan on August 27. Designated ETS5, the satellite has an 18-month 
design life and is currently being used in a trial programme with a Japan Airlines Boeing 747-200F cargo 
aircraft. The launch (pictured above) was the first operational flight of Japan's H-1 three-stage launch veh¬ 
icle. It was originally scheduled for August 10 but was delayed due to launch vehicle technical problems. 

m diameter with a mass around 5000 kg. A 
slot-type radar aerial is fixed to one side of 
the body. Power is provided by a nuclear 
reactor. 

Mission: Radar reconnaissance over 
ocean areas. 

Orbit: 251 x 264 km, 89.66 min, 65.00 deg, 
maintained by a low thrust motor during 
the operational lifetime. On 28 Jul, at 
around 1600 GMT, the nuclear power 
source was boosted to a 901 x 966 km, 
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Orbit: 1388 x 1477 km, 114.54 min, 74.01 
deg (lowest), 1473 x 1501 km, 115.74 min, 
74.01 deg (highest). 


COSMOS 1860, 1987-52A, 18122 
Launched: 2133, 18 Jun 1987 from 
Tyuratam by F-1. 

Spacecraft data: Combined satellite and 
final rocket stage, around 7 m long and 2 
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Robert D. Christy 

Continued from the September 1987 issue 


A monthly listing of satellite and spacecraft launches, com¬ 
piled from open sources. The heading to each launch gives 
the name of the satellite, its international designation and 
its number in the NORAD catalogue. Launch times are given 
in Universal Time and are accurate to about five minutes 
except where marked with an asterisk, where the time is to 
the nearest minute as announced by the launching agency. 
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104-04 min, 65.01 deg orbit to delay re- 
e*~try into the Earth's atmosphere 


USA 26. 1987-53A, 18123 

Launched: 0238, 20 Jun 1987 from Van- 

denburg AFB by Atlas E. 

Spacecraft data: Irregular cylinder with a 
single solar panel at right angles to one 
end. The length is about 6 m, and the 
diameter approx 2 m, and the mass is 
around 700 kg. 

Mission: Defence Meteorological Satellite 
Programme vehicle, sending back 
weather images and other data for use by 
the US DoD. 

Orbit: 840x859 km, 101.98 min, 98.84 deg. 


COSMOS 1861, 1987-54A, 18129 
Launched: 0741, 23 Jun 1987 from 
Plesetsk by C-1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A 5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite, equipped 
with two radio transponders (RS-10 and 
RS-11) for worldwide use by radio 
amateurs. 

Orbit: 985 x 1001 km, 105.03 min, 82.93 
deg. 


COSMOS 1862, 1987-55A, 18152 
Launched: 1936, 1 Jul 1987 from Plesetsk, 
by A-2 or F-2. 

Spacecraft data: Possibly a truncated 
cone with a pair of sun seeking solar 
panels at right angles to the centre of the 
body, and an Earth pointing sensor array 
at the larger end. The length is probably 
about 4 m, maximum body diameter 1.5 m 
and mass around 1600 kg. Stabilisation 
may either be by the use of a gravity gra¬ 
dient boom or by momentum wheels. 
Mission: Electronic intelligence gather¬ 
ing. 

Orbit: 633 x 667 km, 97.79 min, 82.51 deg. 


COSMOS 1863, 1987-56A, 18155 
Launched: 1225, 4 Jul 1987 from Plesetsk 
by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 357 x 416 km, 92.32 min, 72.88 deg. 


COSMOS 1864, 1987-57A, 18160 
Launched: 2200, 8 Jul 1987 from Plesetsk 
by C -1. 

Spacecraft data: Cylindrical body with 
domed ends, enclosed in a solar cell 
covered drum with length and diameter 
both about 2 m. A 5 m long boom supports 
a metal weight to provide gravity gradient 
attitude control. Additional control is 
probably by spin-stabilisation which also 
takes care of heat regulation. The mass is 
around 700 kg. 

Mission: Navigation satellite. 

Orbit: 961 x 1006 km, 104.83 min, 82.9 deg. 


COSMOS 1865, 1987-58A, 18162 
Launched: 1100, 8 Jul 1987 from 
Tyuratam by A-2. 

Spacecraft data: Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military ’photo-reconnaissance 
over an extended period. 

Orbit: 208 x 268, 89.28 min, 64.76 deg, 
manoeuvrable. 


COSMOS 1866, 1987-59A, 18184 
Launched: 1610, 9 Jul 1987 from Plesetsk 
by A-2. 

Spacecraft dafa.Possibly based on the 
Vostok manned spacecraft and consisting 
of a spherical camera module supported 
by a conical instrument unit containing 
batteries, control equipment and a rocket 
motor system. A supplementary equip¬ 
ment package may be fitted at the forward 
end. Several small, heat shielded contain¬ 
ers may be carried for periodic return to 
Earth of film. The overall length is about 6 
m, maximum diameter 2.4 m and the 
mass around 7000 kg. 

Mission: Military photo-reconnaissance 
over an extended period. On 27 July, its 
manoeuvring engine failed to shut down 
and used up all the propellant. 

Orbit: Initially, 167 x 361 km, 89.80 min, 
67.16 deg, then after some manoeuvring, 
propelled to an orbit of 234 x 1079 km, 
97.89 min, 67.17 deg. 


COSMOS 1867, 1987-60A, 18187 
Launched: 1533, 10 Jul 1987 from 
Tyuratam by F-1. 

Spacecraft data: Cylindrical, probably 
about 7 m long and 2 m diameter, equip¬ 
ped with solar cell panels and with a mass 
around 5000 kg. 

Mission: Electronic intelligence gathering 
overocean ?reas. 

Orbit: 788x801 km, 100.77 min, 65.01 deg, 
maintained by a low thrust motor during 
the operational lifetime. 


COSMOS 1868, 1987-61A, 18192 
Launched: 1402,14 Jul 1987 from Plesetsk 
by C-1. 

Spacecraft data: Possibly a cylindrical, 
solar cell covered body, 2 m long and 2 m 
diameter with mass around 700 kg. 
Mission: Not known, but probably military 
in nature. It is possible that a malfunction 
in the C-1 upper stage produced an incor¬ 
rect orbit. 

Orbit: 285 x 709 km, 94.60 min, 74.01 deg. 


COSMOS 1869, 1987-62A, 18214 
Launched: 0426, 16 Jul 1987 from 
Plesetsk, by A-2 or F-2. 

Spacecraft data: Possibly truncated cone 
with a pair of sun seeking solar panels at 
right angles to the centre of the body, and 
an Earth pointing sensor array at the 
larger end. The length is probably about4 
m, maximum body diameter 1.5 m and 
mass around 1600 kg. Stabilisation may 
either be by the use of a gravity gradient 
boom or by momentum wheels. 

Mission: Oceanographic satellite equip¬ 
ped with a sideways-looking radar and 
other remote sensing systems to return 
images of the world's sea-surface. 

Orbit: 635 x 666 km, 97.80 min, 82.52 deg. 


SOYUZ-TM 3,1 987-63A, 18222 
Launched: 0159*, 22 Jul 1987 from 
Tyuratam by A-2. 

Spacecraft data: Near-spherical orbital 
compartment carrying a rendezvous radar 
tower, conical re-entry module and cylin¬ 
drical instrument unit with a pair of solar 
panels, and containing batteries and a 
combined rocket motor/attitude control 
system. Length 7.5 m (including the dock¬ 
ing unit), maximum diameter 2.2 m and 
mass around 7000 kg. 

Mission: Carried the visiting crew of Alex¬ 
ander Viktorenko, Alexander Alexan¬ 
drov and Mohammed Faris (of Syria) to 
the Mir complex. It docked with Kvant at 
0330 on 24 July 1987. For the return to 
Earth, Viktorenko and Faris teamed up 
with long-stay crew member Alexander 
Laveikin in Soyuz-TM 1, undocking at 
2034 on 29 July and landing at 0154 the 
following day. On 30 July, Yuri 
Romanenko (the other long-stay crew 
member) and Alexandrov moved Soyuz- 
TM2 to Mir's extreme forward port. 

Orbit: Initially 197 x 217 km, 88.57 min, 
51.62deg,thenby way of a 231 x 297 km, 
89.74 min transfer orbit to a docking with 
Mir in a 311 x 359 km, 91.18 min, 51.64 deg 
orbit. 


COSMOS 1870, 1987-64A, 18225 
Launched: 0900, 25 Jul 1987 from 
Tyuratam by D-1. 

Spacecraft data: Possibly a cylinder with 
solar panels, approx 15 m long, and with 
maximum diameter around 4 m. The mass 
may be around 18 tonnes. 

Mission: Remote sensing for Earth 
resources, and ocean surface studies 
using radar. Its work is probably com¬ 
plementary to that of Cosmos 1869 
(above). 

Orbit: 237 x 249 km, 89.40 min, 71.92 deg. 
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India Plans 
Spaceplane 

A horizontal takeoff and landing, 
reusable space shuttle will be the 
main plan of the Indian space pro¬ 
gramme by early next century, 
according to Prof. S.K. Shrivastava, 
of the Indian Space Research 
Organisation, speaking in Banga¬ 
lore, writes Gerald L. Borrow man. 

The shuttle, currently being plan¬ 
ned by organisations engaged in 
space sciences, would be necessary 
to carry out frequent manned flights 
in view of increased space applica¬ 
tions in fields such as communica¬ 
tions, meteorology and research. 

One shuttle configuration under 
consideration by Indian scientists is 
a small 'Space Cab' with a two 
member crew complement. 

Prof. Shrivastava also said that 
the recent loss of the Augmented 
Satellite Launch Vehicle (ASLV) had 
not caused a big set-back to the 
Indian space programme. 


Japan Offers Tax Incentive 


A new tax system for promoting 
basic technology research, space 
development and use has been intro¬ 
duced in Japan. 

The system provides tax cuts to a 
purchaser of testing and research 
equipment. More facilities related to 
space development have now been 
added to the items on a qualifying list. 

Among the items approved for FY 
1987 were: 

• Equipment for simulating the outer 
space environment - special environ¬ 
ments, such as the high vacuum of 
outer space, in which cryogenic temp¬ 
eratures and solar rays are simulated 
in a large chamberto examine whether 
a rocket and its parts will operate nor¬ 
mally. 

• Equipment for inertial moment 
measuring. 

• Equipment for testing three-axis 
attitude control. 


Gibson to Command STS-27 


The commander of a five-man crew 
aboard the US Space Shuttle Atlantis 
for STS-27 is to be Robert L. Gibson. 
The mission, the second following the 
resumption of flight operations, will 
be for the US Department of Defense 
and is scheduled for the autumn of 
next year. 

Joining Gibson on the flight will be 
pilot Guy S. Gardner and mission 
specialists Richard M. Mullane, Jerry L. 
Ross and William M. Shepherd. 




Robert "Hoot" Gibson. 

Gibson, an astronaut since 1978, 
was pilot on mission 41B in February 
1984 and commander of 61C in 
January 1986. Fie has logged 337 hours 
in space. 

Mullane, also an astronaut since 
1978, flew as mission specialist on 41D 


Guy S. Gardner. 

in August 1984, logging almost 145 
hours in space. 

Ross, who joined the NASA 
astronaut corps in 1980, was a mission 
specialist on 61-B in November 1985 
during which he took part in two EVAs 
totalling 12 hours in support of the 
EASE/ACCESS construction experi¬ 
ments. 

Gardner, an astronaut since 1980, 
and Shepherd, an astronaut since 
1984, are both yet to fly in space. 

The STS-26 crew, at present 
scheduled for a June 1988 launch, is 
Frederick Flauk (commander), Richard 
Covey (pilot), Mike Lounge and David 
Flilmers (mission specialists) and 
George Nelson ( Spaceflight , February, 
1987, p.52). 


Third Ariane Launch Pad 

Construction of a third pad at the Ariane launch site in French Guiana is due to 
start in the latter half of next year. 

The new ELA-3 pad, completion of which is expected in the early 1990's, has 
been approved in preparation for the introduction of Europe's Ariane 5 launcher in 
the middle of the next decade. 


• Equipment for outgassing and gas 
concentration measurements. 


• Equipment fortesting environmen¬ 
tal adaptability and combustion of roc¬ 
ket engines. 


When any of this equipment is 
purchased or produced, seven per cent 
of the acquisition cost of the asset, or 
equivalent, can be deducted from the 
corporate tax (the limit is 15 per cent of 
the corporate tax, or equivalent). 


Chinese 

Satellite 

Launch 


China put into orbit its second 
satellite in just over a month at the 
beginning of September. 

It was launched on a Long 
March 2 vehicle from the Shuang 
Cheng-tsu site in north-west China 
at 7.15 GMT on September 9, 
according to Geoffrey Perry of the 
Kettering Group. 

China 21, a recoverable spacec¬ 
raft, went into a lower, more circu¬ 
lar orbit than its predecessor, 
China 20 which was launched on 
August 5. 
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Main Engine 

Acceptance testing has begun on 
the fe-st of three Space Shuttle main 
engine smwted for use on the June 
1988 launch of the next Shuttle mis¬ 
sion, STS-26 

Testing is being done at NASA's 
National Space Technology 
Laboratories in Mississippi by the Roc- 
ketdyne Division of Rockwell Interna¬ 
tional, NASA's prime contractor for the 
Shuttle engines. The Marshall Space 
Flight Center in Huntsville, Ala., man¬ 
ages the engine programme for NASA. 

The engines now incorporate sev¬ 
eral improvements made as a result of 
an extensive and on-going test prog¬ 
ramme. These changes include 
improvements to the electronic con¬ 
troller, valve actuators, temperature 
sensors, main combustion chamber, 
and various modifications to the tur¬ 
bopumps to improve life and operating 
margins. 

During acceptance testing, three 
hot-fire tests, totalling about 770 sec¬ 
onds, will be run on each of the STS-26 
flight engines. The tests include a 1.5 
second ignition test, 250 second calib¬ 
ration test and a 520 second nominal 
mission simulation test. The 1.5-sec- 
ond test was successfully conducted 
August 11, on the first engine, number 
2027, with the other tests on that 
engine taking place during September. 

Testing has begun on the second 
engine, number 2022, and the third 
engine, number 2019. Acceptance test¬ 
ing on all the flight engines is expected 
to be complete next month 
(December). 



Acceptance Tests Begin 



A crew compartment spare to be used for the new shuttle orbiter, OV-105. 

New Zealand Plans Aussat-B Role 

A 

The Telecom Corporation of New Zealand Limited and Aussat Pty Ltd of 
Australia have signed a Memorandum of Understanding (MOU) covering New 
Zealand involvement in the Aussat-B series of advanced domestic communica¬ 
tions satellites planned for the 1990s. 


ISRB Test Facility 

NASA's Marshall Space 
Flight Center in Huntsville, 
Alabama, has completed con¬ 
struction of its Transient Pres¬ 
sure Test Facility which will be 
used for a series of Space Shut¬ 
tle solid rocket motor tests 
scheduled to start early this 
month (November). The tests 
will verify the ignition pressure 
dynamics of the motor. 

Run in conjunction with 
Joint Environment Simulator 
tests and full-scale motorf irings 
being conducted at Morton 
Thiokol's Wasatch Facility in 
Utah, the tests are expected to 
lead to qualification of the rede¬ 
signed motor. 

In this photo, to the left is the 
access tower where the test 
article will be fired. The large 
building in the centre is the 
Refurbishment Facility where 
the test articles will be refur¬ 
bished for subsequent tests. 

NASA 


Aussat-B will provide enhanced 
domestic telecommunications, data 
and broadcasting services within New 
Zealand and Australia beginning in the 
early 1990s. The Aussat-B series, com¬ 
prising two satellites, is intended to 
replace the present Aussat-A series. 
The Aussat-B satellites are planned for 
launch in 1991 and 1992. Tenders for 
the construction of the two satellites 
(with an option for a third later in the 
• 1990s) will be invited shortly. 


Telecom will use up to four high- 
power Ku-band transponders on each 
satellite for telecommunications and 
broadcasting services. Each Aussat-B 
will feature a specially designed 
national beam covering all of New 
Zealand. 

Telecom has also leased one trans¬ 
ponder and part of a second on the 
Aussat A-3satellite launched by Ariane 
V19 on September 15, 1987. This will 
enable preliminary tests of domestic 
telecom m u nications services to be car¬ 
ried out prior to the advent of Aussat-B 
in the 1990s. 
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SPACE'87 Exhibition 

The Society held the largest space exhibition in its history 
at the joint venues of the Brighton. Centre and the nearby 
Metropole Hotel, Brighton, between October 12 and 15. 

The event, also rated as the largest space exhibition ever 
held in the UK, was the showplace for the space expertise of 
organisations and companies from all overthe world, includ¬ 
ing the USA, USSR, Japan, France, Italy, Germany, the UK 
and major space agencies such as NASA and ESA. 


The cover of the Official 
Catalogue of the SPACE '87 
Exhibition, organised by the 
Society. 

With over 200 UK companies now actively engaged in the 
space field with involvement in international programmes, it 
was also timely for a major space exhibition to be held in the 
UK. Recent uncertainty about the long-term funding of UK 
space activities has tended to detract from the creditable 
status which international recognition has gained for the UK 
in areas of its space expertise, and the Society's four-day 
Space '87 Exhibition provided a valuable opportunity to help 
redress the balance. 

With emphasis on the developments and applications of 
space technology, the Exhibition was an occasion for prom¬ 
oting commercial opportunities in the peaceful uses of 
space. The Society welcomes the growth of commercial 
opportunities in space operations, which it sees as a key fac¬ 
tor in securing the long-term future of space exploration. 

IAF Souvenir Brochure 

In recognition of the work of the International Astronauti- 
cal Federation in supporting peaceful international activities 
in astronautics and on the occasion of the 38th IAF Congress, 
held in the United Kingdom on October 10-17,1987, the Soc¬ 
iety issued an eight page Souvenir Brochure of the event for 
Congress participants. 

The publication records the main highlights of the week, 
including the Space '87 Exhibition held in conjunction with 
the Congress. 

Advertising in Spaceflight 

In response to enquiries received by Spaceflight from 
potential advertisers, a brochure has been printed giving 
detailsaboutthe placing of quarter, half and full-page adver¬ 
tisements in the magazine. 

The brochure has been distributed to known organisa¬ 
tions with space interests and was available at the Space- 
flight stand at the recent Space '87 Exhibition. 

Members, who may be interested in taking up advertising 
space in Spaceflight or are able to bring the brochure to the 
attention of other potential advertisers either through their 
employment or other means, may request copies from the 
Society. 



News . . . Society News . . . Society 


Education 
Award 

The 1987 Arthur C. Clarke Award was presented to the Society's Executive Sec¬ 
retary, Mr Leonard J. Carter at the Award Banquet of the SEDS (Students for 
the Exploration and Development of Space) Annual Conference, in Houston, 

Texas, on August 8,1987. The Award was made to the Society for its contribu¬ 
tions to space education with Mr Carter as the nominated personal recipient. 

In his address, Mr Carter spoke of the ways in which the educational interests 
of the Society had developed from the earliest days. "At the end of the war, the 
Society entered a prolific decade of producing ideas and thoughts on every 
aspect of space additional to the 1945 contribution of Arthur C. Clarke on orbi¬ 
tal relay satellites for space communications", he said. "This flowering of 
ideas was accompanied by the need for a programme of education from which 
resulting international interest led to a Congress being held in London in 1951 
during which the International Astronautical Federation was formally inaugu¬ 
rated". 

JBIS Author Receives Award 

Our congratulations are offered to Dr. William A. Reupke 
on receiving the first place in the 1986 Honorarium Awards 
(individually sponsored category) of the Computer Sciences 
Corporation (CSC) Systems Group, USA, for his paper "Iner- <\ 

tial Fusion Systems Studies and Nuclear Pulse Propulsion' ^ 
which was published in the November 1985 issue of the *) 
Journal of the British Interplanetary Society (JBIS). 

The CSC Systems Group established the competition in 
1970 to stimulate and encourage their technical staff. The 
winning papers were selected by a panel of 12 adjudicators. 

We are pleased to note this further example of the promi¬ 
nence that JB/S receives internationally. 



Building Extension Appeal 

Welcome news for the Society's Building Appeal has 
been the recent notification of valuable bequests to the Soc¬ 
iety under the Wills of two persons, who in past years have 
been closely associated with the Society. 

Mrs Nathalie Golovine, who was the vyife of a former BIS 
President, the late Mr Michael Golovine MBE, died on August 
2, 1987 and has bequeathed to the Society a cash legacy of 
£1,500. A bequest to the Society from the Estate of the late 
James Eric Hall is expected to amount to a comparable 
amount. 

The importance of such donations to the future develop¬ 
ment of the Society is well illustrated by these bequests, both 
of which, on receipt, wil I be allotted to the Building Extension 
Fund. 

The on-going nature of the Society's development and 
continuing opportunities for new projects underlines the 
value of bequests tothe Society in the years ahead. Members 
are urged to consider donating to the Society from their 
Estates and to formalise the arrangement by a Codicil or Will. 
A Society leaflet, 'Note on Wills and Legacies' is available on 
request to provide guidance on procedure. 

Since the launch of the Building Extension Appeal in May 
1987, the total sum received now amounts to £1736. 
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Space Courses For Teachers 

We hear from BIS MemberTom Becker that he will be pre¬ 
senting courses for teachers on 'Soviets in Space' and 
"Studying Earth from Space' at Webster University, St. 
Lots. USA. this autumn. 

-5 A-:es: 'After a long struggle I finally was able to con- 
. -ce a .e'sly to offe r these courses. Hopefully, this is a 
-rajor preait :--o-gh for space technology in the St. Louis 
area and an encouragement for other regional universities to 
do the same " 

New Members For 1988 

Applications for first-time Membership in 1988 may now 
be sent to the Society using the form on the inside back 
cover of this issue. Early application is advised to ensure the 
prompt receipt of early 1988 issues of Spaceflight. 

Existing members, who have the opportunity to bring the 
work of the Society to the attention of colleagues and others, 
are particularly asked to introduce new members at this time 
so they can be admitted by January 1, 1988. 


Membership Renewal for 1988 

Members should note that the practice of previous years 
whereby they receive their Annual Renewal Form as an 
enclosure with the November issue of Spaceflight has been 
discontinued. 

Within the next few weeks, members will receive this 
Form as a separately mailed item and are urged to see that it 
receives their immediate attention and is promptly returned 
to the Society. In this way, members can help the Society's 
administration and ensure that they continue to receive their 
copies of Spaceflight and JBIS without interruption. 


JBIS 

The November 1987 issue of the Journal of the British 
Interplanetary Society is now available and contains the 
following papers: 

* * * 


Communications and Manned Space Flight - the Vital Link. 

Earth Observation from the Space Station 

The Space Test Programme - An Update 

Enhancing the Quality of Space Education 

Soviet Launch Vehicle Failures 


★ ★ ★ 


Copies of this JBIS, price £7.50 ($12.00) to non-members, £2.00 
($4.00) to members, post free, can be obtained from the address 
below. For details of back issues and annual subscription please send 
SAE to: 

The British Interplanetary Society, 

27/29 South Lambeth Road, 

London SW8 1SZ, 

England. 


Society meetings, unless otherwise stated, are 
held in the Society's Conference Room, 27/29 
South Lambeth Road, London SW8 1SZ. Meet¬ 
ings are restricted to Society members unless 
otherwise stated. Tickets should be applied for in 
good time by writing to the Executive Secretary 
at the above address enclosing an SAE. Members 
may bring one guest. 

4 November 1987, 7-9 pm Lecture 

FUTURE OPPORTUNITIES FOR 
EXPLORING MARS 

Gary Hunt 

Members only. Please apply for ticket, enclosing 
SAE, in good time. 

21 November 1987,10.30 am Visit 

UNIVERSITY OF SURREY 

A tour of the UoSAT Spacecraft Engineering Unit 
for school teachers who attended SPACE '87 and 
would like more detailed information about the 
University's work. Further details from: Executive 
Secretary, British Interplanetary Society, 27/29 
South Lambeth Road, London SW8 1SZ. Please 
enclose SAE. 

2 December 1987,7-9 pm Lecture 

REMINISCENCES OF BLUE STREAK 

C.H. Martin 

Members only; Please apply for tickets, enclosing 
SAE, in good time. 


MEETINGS DIARY 

«- 

3 February 1988,7-9 pm Lecture 

ENCOUNTER WITH HALLEY'S COMET 

Prof. J.A.M. McDonnell 

Members only. Please apply for ticket, enclosing 
SAE, in good time. 

5 March, 1988,10.30 am Visit 

UNIVERSITY OF SURREY 

A tour of the UoSAT Spacecraft Engineering Unit 
for BIS members. Further details from: Executive 
Secretary, British Interplanetary Society, 27/29 
South Lambeth Road, London SW8 1SZ. Please 
enclose SAE. Numbers will be restricted so please 
apply in good time. 

9 March, 1988,7-9 pm Lecture 

HOTOL-A SPACEPLANE FOR EUROPE 

G.P. Wilson 

Members (plus one guest) only. Please apply for 
ticket, enclosing SAE, in good time. 

23 March, 1988,10-4.30 Symposium 

HISTORY OF BLACK KNIGHT 

An all-day Symposium. Refreshments will be 
provided and as numbers are limited early 
registration is advised. 

Registration 

Forms are available from the Executive Secretary, 
The British Interplanetary Society, 27/29 South 


Lambeth Road, London SW8 1SZ. Tel: 01-735 
3160. 

Offers of Papers 

Authors wishing to present papers should contact 
the Executive Secretary. 

19 April, 1988,10-4.30 Symposium 

DIRECT BROADCAST BY SA TELUTE 

Venue: Conference Room, British Interplanetary 
Society, 27/29 South Lambeth Road, London 
SW81SZ. 

High power direct broadcasting into individual 
homes could have great potential but, as with any 
investment in commercial space technology, the 
risks are high. Each European country is 
proposing its own national programme but a 
single satellite could cover all of Europe. Britain 
struggles to come to a decision on the future of 
DBS. Would cable or medium power TV satellite 
distribution be a better answer? A wide range of 
technical problems will be the subject of this one- 
day symposium. 

Off ers of Papers 

Authors wishing to present papers should contact 
the Executive Secretary. 

Registration 

Forms are available from the Executive Secretary, 
The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. Tel: 01-735 
3160. 

LIBRARY OPENING 

The Society Library is open to members on the 
first Wednesday of each month (except August) 
between 5.30 pm and 7 pm. Membership cards 
must be produced. 
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Computer Aided Engineering 


The von Karman auditorium at JPL 
features a fine collection of spacecraft 
models: Ranger, Surveyor, early 
Mariners, Viking, Voyager, Seasat, 
IRAS, Galileo, and more. Those with 
solar panels look like giant dragonflies 
with blue, veint»d wings - one species 
with two ‘wing-" flies in the strong 
sunlight of the inner Solar System to 
Mercury and Venus while the four¬ 
winged variety is definitely Martian. 
Their wingless brethren, destined to 
travel far from the Sun, in the outer 
Solar System, derive their electricity¬ 
giving warmth from inner resources, ft 
is educational to see the solutions 
which have evolved not onlyfor power 
generation but also for antenna place¬ 
ment, fuel-tank location, and other 
configuration problems. 

Indeed, establishing the configura¬ 
tion of a spacecraft so as to meet 
launch vehicle constraints, subsystem 
interface requirements, thermal 
requirements, attitude control system 
capabilities and science requirements 
is a challenging problem that is faced 
anew by every project. The configura¬ 
tion development process has been 
markedly improved in quality and effi¬ 
ciency through the introduction of 
computer-based techniques. 

"Computer Aided Engineering" 
(CAE) is the phrase used by Brian 
Muirhead, supervisor of the Advanced 

This design for the narrow-angle camera for the 
Comet Rendezvous Asteroid Flyby (CR AF) spacec¬ 
raft was produced by means of a computer-aided 
engineering system now in use at J PL. NAS A/JPL 


Spacecraft Development group at JPL, 
and his colleagues to describe this 
evolving technology. The particular 
tools used at JPL were brought to the 
Laboratory about three years ago: 
software systems from Applicon and 
from Structural Dynamics Research 
Corporation. Totalling well over one 
million lines of code, these computer 
programs allow the configuration 
designerto develop and iterate in rapid 
fashion a complex spacecraft design. 
The design, displayed on a high-resol- 
ution monitor or output on paper, is 
produced by performing Boolean 
operations among a set of solid 
geometric objects such as spheres, 
cubes, cylinders, surfaces of revolu¬ 
tion, etc. That is, from two objects a 
third can be created as a result of addi¬ 
tion, differencing, or intersection. This 
type of geometrical representation and 
manipulation is called solid modeling. 
In addition, previously created objects 
can be stored in a library and recalled 
at will. The JBL designs for CRAF, Cas¬ 
sini and many other projects are now 
done solely on these computer sys¬ 
tems. 

An important application of this 
type of design and analysis system lies 
in the domain of geometric verifica¬ 
tion. If a spacecraft is to be launched 
from the Shuttle, the clearance 
envelope between the craft with its 
attached upper stage and the Shuttle 
bay can easily be determined by doing 
an "intersection" calculation. A related 
design question was addressed in siz¬ 
ing and arranging the components of a 
small spacecraft for lunar exploration, 
so as to be able to fit the vehicle into a 
get-away-special canister on-board 
Shuttle (see the illustration on p.302 of 
the August issue). The proposed 
Comet Rendezvous Asteroid Flyby 
(CRAF) mission plans include firing a 
penetrator into the nucleus of comet 
Tempel 2. The CAE software has been 
used to verify, for various spacecraft 
designs, that after release the penet¬ 
rator would safely clear the main struc¬ 
ture. The check is easily made by com¬ 
paring an "object," enclosing all possi¬ 
ble trajectories of the penetrator, with 
neighbouring spacecraft structures via 
the intersection calculation. 

A frequent geometrical question 
addresses possible obstructions of the 
field-of-view of a remote sensing 
instrument on-board a spacecraft scan 
platform. Interference can arise from 
blockage, in certain directions, by 
spacecraft structures or from potential 
specular glints from polished surfaces. 
By viewing the spacecraft from the 


boresight of the instrument, and using 
perspective, potential interferences 
can be identified and eliminated. 

The CAE system is useful for pre¬ 
liminary detailed design of individual 
spacecraft components such as the 
camera system. After a preliminary 
layout and a set of analyses to verify 
the design (all done within the same 
computer system) the plans can be 
delivered to draftsmen for specifica¬ 
tion of full details. (Incidentally, the 
time-honoured profession of drafting 
has also been computer automated, 
and "blue prints" are now produced 
without the use of T-square and 
triangle - we will address this subject 
in a future issue). 

A valuable adjunct to the graphical 
features of CAE is the ability to com¬ 
pute the centre of mass and moments 
of inertia of each spacecraft compo¬ 
nent and system design: a tedious job 
when done manually. This is the type 
of problem on which a computer 
thrives. The only information it needs 
is the density of each component of the 
spacecraft. The results are of crucial 
importance relative to the design of the 
spacecraft's attitude control system. 

Dynamic characteristics of the 
spacecraft due to the elasticity of its 
constituent members and materials 
can be analysed through the method of 
finite elements; the entire structure is 
(conceptually) subdivided into small 
elements each having spring stiffness, 
in orderto emulate elastic behaviour. A 
special module of the CAE program 
uses the existing geometry directly to 
develop the finite element model. It 
then performs a dynamic analysis and 
can predict the response of the design 
to various input forces resulting from 
launch-vehicle engines, motors on¬ 
board the spacecraft, etc. Currently, in 
this way, the response of a Mars rover 
design to a simulated crawl on the 
planetary surface is being evaluated. 
Another module does large-displace¬ 
ment, nonlinear analysis starting from 
the basic geometry. 

The CAE systems used at JPL put 
significant design and analysis power 
directly i nto thehandsof the spacecraft 
designers. This not only accomplishes 
the job with less staff, it also produces 
a more complete and closer-to- 
optimum design due to the ability to 
include significant detail and to iterate 
rapidly. Muirhead observes that the 
CRAF spacecraft design is far more 
thoroughly understood than those of 
Voyager or Galileo at comparable 
points in time. 
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- Soace at JPL - 

Report From India 



The Honorable Shri K.R. Narayanan (centre), the Indian Minister of State for Science and Technology, and 
Dr. S. Varadarajan, Chairman of The National Council of Science Museums, are conducted by Dr. William 
McLaughlin through the exhibition "25 Years of Space Photography" at it;? opening in New Delhi. 


The exhibition "25 years of Space 
Pturtography' has moved from its 
arij^oi site in Pasadena to a series of 
international showings. This exhibi¬ 
tion con sists of approximately 100 of 
the best photographs obtained by JPL 
spacecraft in the course of exploring 
the Solar System for NASA: from the 
early lunar-impact missions of the 
Rangers to the Voyager explorations 
of the outer Solar System. 

During the period November 1986 
to October 1987 the showtoured India. 
I was present at the opening of the 
photographic exhibition at the Lalit 
Kala Academy (of fine arts) in New 
Delhi on July 4, 1987 and contributed 
some introductory remarks. It was also 
my pleasure to conduct the Honorable 
Shri K.R. Narayanan, Minister of State 
for Science and Technology, through 
the exhibition. 

The impact of the collection of 
images once again surprised me. With 
extensive participation in four of the 
missions, and peripheral involvement 
in some of the others, my expectation 
was to experience a visual jog to the 
memory, precipitating a reminder of 
past adventures. But the chronologi¬ 
cally arranged string of photographs 
induces something largerthanthesum 
of its parts - an historical perspective. 
At least two motifs stand out clearly. 
First, considerable technological prog¬ 
ress is displayed from the low-resolu¬ 
tion images of the early 1960s to the 
sharp images obtained by Viking and 
Voyager. Second, the canonical pro¬ 
cess of early planetary exploration lies 
open for inspection: flyby, orbit, land¬ 
ing. For Mars, the three phases have 
been accomplished (now we will pro¬ 
ceed to more detailed inspections 
including, possibly, the introduction of 
roving vehicles), while for Jupiter 
Galileo will implement stage two, and 
Neptune awaits stage one with the 
flyby of Voyager 2inAugustof1989. 

Following the opening of the exhibi¬ 
tion, I gave, over the next two weeks, 
lectures on "The Exploration of Space" 
at the national museums in New Delhi, 
Calcutta, Bangalore, and Bombay. The 
National Council of Science Museums 
(NCSM) arranged for the lectures 
through the Indo-US Subcommission 
on Education and Culture. 

The NCSM represents an intensive 
effort on the part of the Indian govqfn- 
ment to increase the level of science 
education in the country. Dr. Saroj 
Ghose is the Director General of the 
NCSM and is stationed in Calcutta, 
where the original link in the NCSM 
chain was forged: the Birla Industrial 
and Technological Museum (1959). 
The second link, the Visvesvaraya 
Industrial and Technological Museum, 
was opened in Bangalore in 1965 and 
was followed by the Nehru Science 
Centre (1985) in Bombay. The fourth 
national-level centre is currently under 


construction in New Delhi and is 
scheduled to open in 1990. 

The NCSM has devised an effective 
hierarchical network through the 
establishment of regional and district 
centres in the smaller cities. In addi¬ 
tion, a fourth level of the hierarchy is 
represented by a fleet of mobile units 
which visit the villages of India. 

The science museums have 
emphasised the use of participatory 
exhibits: an interaction between 
museum-goer and museum material 
which extends beyond the merely vis¬ 
ual. Thus, children and adults increase 
their retained information, and their 
enjoyment is heightened through 
active relations with the scientific 
material. For example, the processing 
of visual information by the brain is 
addressed by a set of experiments in 
optical illusions and scene synthesis. 
An extensive museum-workshop 
capability allows custom tailoring of 
the exhibit to the specific needs at 
hand. 

My lecture series in India addressed 
"The Exploration of Space" and con¬ 
sisted of four parts: (1) astronomical 
background, (2) the Voyager explora¬ 
tion of the outer planets, (3) the mis¬ 
sion and results of the Infrared 
Astronomical Satellite (IRAS), and (4) 
future planetary missions. The interest 
in space is high in India, and it was an 
invigorating experience to deliver the 
lectures and answer numerous ques¬ 
tions on the space programme and 
astronomy. 


Opportunities arosetovisitthe very 
fine planetaria in Calcutta (the second 
largest in the world, with a 75-foot 
dome) and Bombay in order to view 
their shows and talk with their direc¬ 
tors. Also, I gained some insight into 
scientific research in India by visits to 
the Indian Association for the Cultiva¬ 
tion of Science in Calcutta (physics and 
chemistry, Nobel Laureate C.V. Raman 
worked here), delivering a lecture on 
the Voyager project to the staff, and the 
Indian Institute of Astrophysics in Ban¬ 
galore. The Director of the latter 
organisation. Dr. J.C. Bhattacharyya, is 
a co-discoverer of the rings of Uranus. 
The Institute produced in its optical 
shop the 2.3 m mirror for its Vainu 
Bappu telescope and operates this 
facility 170 km southeast of Bangalore, 
at Kavalur. 

On a personal note, from the 13 
degree north latitude location of Ban¬ 
galore I was able to seefirst-magnitude 
Alpha Centauri (only 4.3 lightyearsdis- 
tant) for the first time, and the star 
clouds in Sagittarius were stunning 
with their brightness in the dark skies 
of the Indian countryside. 

It is most gratifying that India, a 
country with an ancient culture (the 
Indus Valley civilisation dates back to 
the third millennium BC) and a strong 
tradition in scientific research (Raman, 
Chandrasekar, Ramanujan, etc.), is 
looking forward toward the future with 
such an intelligently thought-out prog¬ 
ramme in science education. 



Imaging 

Upon completion in 1981 of its 
prime mission to Jupiter ^and Saturn, 
Voyager 2 began a long trek through 
the outer Solar System in order to 
explore the domains of Uranus and 
Neptune. (After Saturn, Voyager 1 pro¬ 
ceeded on a course that is taking it 
increasingly far above the plane of the 
planets, where it continues to return 
scientific data from this unexplored 
region). Three major factors have 
affected Voyager 2's ability to per¬ 
form in the outer Solar System: (1) low 
light levels for imaging, (2) long dis¬ 
tances from Earth which imply long 
two-way communication times (over 
eight hours at Neptune) and, normally, 
low data rates, and (3) engineering 
problems accumulated over the ten 
years since launch. 

With regard to these three factors, 
the Voyager flight team's responses 
for the Uranus mission were: (1) 
increasing camera exposure times 
while, at the same time, holding the 
camera steady on target to avoid 
smear, (2) organising for greater effi¬ 
ciency on the ground and program¬ 
ming more autonomy into the space¬ 
craft to mitigate the long communica¬ 
tion time; arraying of ground antennas 
and on-board data compression to 
compensate for long communication 
distances, and (3) fixing problems such 
as a malfunctioning gear train. Seethe 
November 1985 (p.403) and March 
1986 (p.122) issues of Spaceflight for 
summaries. 

Science writer Joel Davis has cap¬ 
tured the substance of th^ Uranus 
encounter in his recent book Flyby: 
The Interplanetary Odyssey of Voyager 
2. The author spent many months with 
the Uranus flight team and has crafted 
an accurate account. Joel, do I really 
look that much like Solzhenitsyn? 

For the Neptune encounter in 
August of 1989, the flight team has 
been building upon the improvements 
instituted for Uranus and adding new 
capabilities. We looked at some of their 
activities in the November 1986 and 
March 1987editionsof this column and 
return this month to examine some of 
the scientific and engineering prepara¬ 
tions associated with the upcoming 
imaging of Neptune, its rings, and its 
satellites. 

The Neptunian system, like the Ura¬ 
nian one prior to January 1986, is 
largely an unknown entity. Discovered 
in 1846 by J.G. Galle at the Berlin 
Observatory from calculations by the 
Frenchman Urbain Leverrier (and, in 
effect, by the Englishman J.C. Adams), 
based upon previously unexplained 
perturbations in the orbit of Uranus, 
the planet - 30 times more distant from 
the Sun than is Earth - has been dif¬ 
ficult to glimpse. Some of the best 
Earth-based images were taken in May 
of 1983 and show bright, cloud-like fea¬ 
tures (see Spaceflight, November 
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1984, p. 402). A recently released 
image of Neptune (see Sky and Tele¬ 
scope, September 1987, p. 235) shows 
new cloud features, raising hopes that 
its atmosphere may prove more visu¬ 
ally exciting than the bland blanket of 
Uranus. 

The manager of Voyager's Flight 
Engineering Office for the Neptune 
mission is Dr. Lanny J. Miller. He said 
that three classes of change were 
being pursued related to imaging. The 
first is a new capability, nodding image 
motion compensation (NIMC), which 
will be employed to "lock" the camera 
onto the target as. the spacecraft 
speeds along its path, thus preventing 
smeared images with their consequent 
loss of resolution. The second class 
also reduces smear by improving the 
"steadiness" of Voyager 2 as an 
observing platform, continuing work 
begun for the Uranus encounter. Since 
light levels will be down by a factor of 


“Just about everything done 
by Voyager is classic". _ 

two at Neptune compared to Uranus, 
camera exposure times will be com- 
mensurately longer, and smear due to 
random spacecraft motions would be a 
problem at Neptune if not compen¬ 
sated for. The third class of changes 
contains modifications to the flight and 
ground software that pexmit genera¬ 
tion of command sequences with long 
camera exposure times. 

Let us briefly examine, in turn, the 
status of work in each of these three 
classes. 

Miller explained that the purpose of 
the NIMC effort is to allow image 
motion compensation to be done, 
while a picture is being shuttered, with¬ 
out breaking the communication link 
with Earth. Classical IMC, performed at 
Uranus, places the spacecraft under 
gyro control and turns the entire vehi¬ 
cle in a smooth fashion to null out rela¬ 
tive apparent motion between the 
camera boresight and the target: 
perhaps a satellite (although the cam¬ 
era can be pointed without turning the 
spacecraft - it is located on a gear-dri¬ 
ven scan platform - it is not feasible to 
use this articulation for image motion 
compensation). But in the course of a 
classical IMC manoeuvre, the space¬ 
craft's high-gain antenna is, perforce, 
pulled off Earth line, and camera data 
must be placed on the tape recorderfor 
subsequent playback to Earth. The 
NIMC technique will briefly “nod' the 
spacecraft off of Earth-line less than 
two-tenths of a degree, preserving the 
capability for continuing transport of 
data to Earth while imaging and not 
using storage space on the chronically 
oversubscribed tape recorder. Classi¬ 
cal IMC will be used during high-target- 
rate periods when NIMC is notfeasible. 


The nodding motion is 
accomplished by four six-second 
periods of pulsing of the spacecraft's 
small attitude-control jets (the same 
ones that are used to implement classi¬ 
cal IMC under gyro control). The first 
period of pulsing brings the rotational 
velocity of the spacecraft up to the 
proper value to null out apparent 
image motion, then the camera is shut¬ 
tered for the desired length of time. A 
second period of pulsing is used to 
stop the spacecraft turn. Finally, the 
spacecraft nods back to Earth with two 
pulsing periods (speed up and slow 
down). This attitude manoeuvre is 
repeated for each image: up to 44 
times in the current plan. The compen¬ 
sation rate supplied by NIMC changes 
for each image because the target's 
angular rate increases as the space¬ 
craft approaches it. 

The spacecraft turn rates for NIMC 
are low. The maximum rate is 175 mic¬ 
roradians per second: only one-tenth 
of the angular rate of the hour hand of 
a clock! But the manoeuvres are very 
important for imaging because three 
or four microradians per second of 
uncompensated motion will be seen as 
smear in an image. The 800 kg Voyager 
spacecraft is being manipulated with a 
jeweller's precision. 

The NIMC capability has been 
tested with success on-board both 
spacecraft, but Miller emphasised that 
further testing could still uncover prob¬ 
lems, such as excitation of unwanted 
oscillations due to the pulsing - this 
could negate the smear-reduction 
gains. However, even if NIMC were to 
be unavailable at Neptune, a not-too- 
likely outcome, exclusive use of classi¬ 
cal IMC would suffice for the highest 
resolution imaging applications. 

The second class of changes, 
steadying Voyager 2 as an observing 
platform, is an activity continued from 
the Uranus mission. Normally, the 
spacecraft senses its orientation with 
respect to a celestial reference frame 
by observing the Sun and a guide star, 
often Canopus. When these observa¬ 
tions indicate that the vehicle has 
drifted too far (a few tenths of a degree 
or less) from the desired orientation, in 
any one of three spacecraft axes, the 
appropriate attitude control jets fire a 
burst to move the vehicle back toward 
the proper orientation. In this way, the 
spacecraft gently rocks about its 
equilibrium orientation as it speeds 
through space. But even these slow, 
random (not predictable from the 
ground) rotational motions of a few 
microradians per second can cause 
smear in an image. 

Electronic activation for valve open¬ 
ing of the attitudecontrol thrusters was 
done for 10 milliseconds for each burst 
for the Jupiter and Saturn encounters. 
Engineers performed careful in-flight 
surgery on the attitude control sys- 
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Computer graphic simulation shows Voyager 2 just 30 minutes before closest approach to Neptune's large satellite Triton, on August 25,1989. Also shown is the 
size of the footprint of the narrow-angle camera on the satellite's surface, * ^ NASA/JPL 


tern's software for the Uranus 
encounter and reduced the activation 
pulse to five milliseconds duration, 
with proportionate reduction in the 
spacecraft's rotational rates. For Nep¬ 
tune, electronic pulses will be shor¬ 
tened from five to four milliseconds, 
which will yield approximately 20 per 
cent in rate reduction. No further 
reduction is anticipated because the 
valves would not remain open long 
enough to allow effective gas flow. 
Although Voyager 1 was tested down 
to four milliseconds prior to Uranus, 
the capability was not validated for use 
on Voyager 2 during the encounter. 

Occasionally an attitude control 
thruster will become "impatient" and 
fire twice rather than the normal single 
firing employed in controlling the 
spacecraft's orientation. This 
phenomenon of double pulsing mul¬ 
tiplies spacecraft rotational rates by 
two when it occurs. Its cause has been 
identified and the spacecraft's control- 
law logic has been adjusted to elimi¬ 
nate most double-pulsing events and, 
hence, further lower the vehicle's aver¬ 
age (random) rotational rates. 

Third and finally, the flight and 
ground software supporting Voyager 
operations is being modified to allow 


the desired longer exposures to be 
included in the sequence of commands 
sent up to the "spacecraft. The space¬ 
craft itself will hold its shutter open as 
commanded, but the software has 
been "trained" to allow only certain 
combinations of commands with cer¬ 
tain ranges of parametric values. 

Voyager software experts, led by 
system engineer George Masters, 
have revised the ground software to 
make it compatible with longer imag¬ 
ing times. In addition, they have been 
able to compress the imaging cycle for 
long exposures to permit more of 
these valuable pictures to betaken dur¬ 
ing certain phases of the encounter. 

Ken Bollinger, an Assistant Experi¬ 
ment Representative on the Voyager 
Imaging Team, will be one of the users 
of the new imaging capabilities for 
Neptune. He said that typical exposure 
times during the encounter would be 
of the order of 15 seconds but that the 
shutter could remain open for as long 
as desired. Some images are presently 
planned for exposures of 840 seconds 
in searching for indications of faint, dif¬ 
fuse material around Neptune. 

A particularly active period for use 
of the long-exposure capability is plan¬ 
ned for 10 to 15 days before closest 


approach. Diffuse material, ring arcs 
(in the Neptunian system the rings may 
only partially encircle the planet; some 
discontinuous rings were observed at 
Saturn, and partial rings may have 
been detected at Uranus), and new 
satellites will be sought in panoramic 
views of the planetary system. For 
example, one imaging pattern will con¬ 
sist of laying down a mosaic of 18 nar¬ 
row-angle (0.424 degrees) images and 
two wide-angle (3.2 degrees) shots to 
cover the system. 

Not all imaging activities can be 
planned with certainty. Since ring arcs 
or new satellites are problematic, 
space in the sequence of events will be 
reserved fortheirobservation, but pre¬ 
cise pointing of the cameras cannot be 
done until the objects are seen in ear¬ 
lier.survey images and their orbits cal¬ 
culated. 

One of the most spectacular images 
could result from a plan to capture the 
shadow of Neptune as it falls on the 
ring system, just six hours before 
closest approach. A similar photo¬ 
graph taken by Voyager 1 at Saturn is a 
classic of space photography. But then 
just about everything done by Voyager 
is classic. 
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Mars Rover 

Sample Return 

Dr. Sally Ride led an effort to recommend future long-range objectives for NASA. 
Her panel's report, "Leadership and America's Future in Space", identified four pos¬ 
sible mission areas: Solar System exploration, human exploration of Mars, an out¬ 
post on the Moon, and mission to planet Earth. Two NASA centres, JPL and the 
Lyndon B. Johnson Space Center, have teamed together to conduct a Mars Rover 
Sample Return (MRSR) study, thus addressing two of the Ride report's areas. The 
MRSR would be an unmanned mission but would serve as a precursor to human 
exploration of Mars. 


The basic objective of the MRSR 
mission is to return to Earth a five- 
kilogram sample collected from multi¬ 
ple sites on Mars. Dr. Roger Bourke of 
JPL is Mission Analysis and System 
Engineering manager for the study, 
and he described some of the chal¬ 
lenges related to this objective, the 
three most difficult of which would be: 
a safe landing on Mars, conduct of the 
rover's traverse on the surface, and the 
autonomous rendezvous in Mars orbit 
of the ascent vehicle with the Earth- 
return vehicle. But first, these chal¬ 
lenges will be placed in context by exa¬ 
mining the overall mission. 

Bourke saidthatthe present focus of 
the MRSR study is definition of the 
trade-off space-the domain of design 
in which mutually dependent mission 
and spacecraft options reside. Only 
after the trade-offs are understood can 
one hope to achieve a sensible point 
design. 

Two principal options are being 
considered for transport to Mars. The 
first, labelled "combined launch", 
would require a heavy lifting vehicle 
such as the proposed Shuttle C and 
would send approximately 10,000 kg in 
one package to Mars. The second, 
"split flight", envisages flying the 
rover and ascent vehicle separately to 
Mars and having them rendezvous on 
the surface. The first option yields an 
intrinsically simpler mission but 
requires more launch-vehicle capabil¬ 


ity, while the second could employ 
existing launch systems. 

After launch (1998 provides a 
reasonable opportunity), the cruise to 
Mars would require nine months, and 
the spacecraft would be spliced into an 
orbit about the planet with the help of 
aerocapture: use of the Martian atmos¬ 
phere to remove energy from the 
interplanetary trajectory. Aerocapture 
would reduce the requirement for 
chemical propulsion and result in a sig¬ 
nificant saving in the launch-mass of 
the system. 

The descent from Mars orbit would 
place a rover on the surface which 
would gather samples for approxi¬ 
mately 500 days of operations. The 
rover would’traverse hundreds of 
kilometers in exploring diverse and 
distinct geological provinces, carefully 
selecting samples for its collection. 
Rover operation is planned to be J 
accomplished by judicious balance [ 
between autonomous decisions by the 
machine and guidance from Earth. 

Upon completion, of surface opera¬ 
tions, the samples would be placed 
into the ascent vehicle and delivered to 
Mars orbit and, after rendezvous, to the 
waiting orbiter for the nine-months 
flight to Earth. Arrival in 2001, for a 
1998 launch, may occur at a Space Sta¬ 
tion laboratory which would provide 
the necessary safeguards to assure 
that if there were any potentially harm¬ 
ful materials in the Martian sample. 



they would not be released during the 
trip to a laboratory on the surface. 

Let us now return to the principal 
MRSR challenges - safe descent, rover 
traverse, and orbital rendezvous - for a 
brief review of problems and potential 
solutions. 

Two Viking landers were success¬ 
fully placed on the Martian surface in 
1976. However, the experience 
revealed significant possibilities for 
encounter with hazards. Bourke said 
that the dual approaches of "brains 
and brawn" were being entertained in 
response to the need of hazard avoi¬ 
dance and/or accommodation. 

Information gathered by previous 
missions, including the Mars Observer 
(scheduled for launch in 1992) and 
Soviet missions, when combined with 
observations from the MRSR orbiter 
would form the basis for landing site 
selection. The choices made during the 
descent would be made by on-board 
systems since long two-way communi¬ 
cation times preclude human aid in 
real-time hazard avoidance. 

Several regions of interest on Mars 
have already been identified, including, 
the Mangala region near the equator 
and the edge of a polar cap. Of course, 
the fall-back option of utilising the Vik¬ 
ing landing sites for entry points is 
always available. 

The "brawny aspect" of hazard 
avoidance seeks robustness in the 
landing vehicle. This virtue might be 
achieved by attaching inflatable and/or 
crushable objects onto the landing 
feet. 

Safely on the surface, the 500 to 
1500 kg rover must traverse long dis¬ 
tances in order to maximise the value 
of its collection of samples and, at the 
same time, avoid entrapment by boul¬ 
ders, pits, or other topographic threats. 
Although help can be furnished by 
human controllers on Earth, too much 
reliance on teleoperation, as opposed 
to autonomous operation, would slow 
the average rate of progress across the 
planetary surface. Bourke has insti¬ 
tuted the study "A Day in-the Life of 
Mars Rover" to look at the nuts and 
bolts of this human/machine interface 
so as to identify problems requiring 
further analysis. One area of concent¬ 
ration focuses upon management of 


A possible mission plan for a Mars Rover Sample Return mission, now under study. 
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A rover on the Martian surface digs and collects a soil sample for analysis. 


the relatively large amounts of data 
produced by vision systems 
associated with eitherthe autonomous 
or teleoperator modes. The former 
mode requires significant on-board 
data processing, the latter implies a 
capacious data channel between Earth 
and Mars. 

A more detailed insight into rover 
design options can be obtained from 
the paper "A Mars Rover for the 
1990's" by Brian Wilcox and Dr. Donald 
Gennery in the October 1987 issue of 
JBIS. 

The third principal challenge for 
MRSR concerns the rendezvous of the 
ascent vehicle with the Mars orbiter, 
prior to return of the sample to Earth. 
As in the case of rover operations, 
autonomy can be blended with teleop¬ 
eration. Here, the penalty for teleoper¬ 
ation is that the slower characteristics 


of this mode would probably require 
the ascent vehicle to be longer lived 
than for autonomous rendezvous. 
This, in turn, might require solar panels 
(rather than a battery) for a source of 
power, a more extensive thermal-con¬ 
trol subsystem, and other features 
which imply additional mass and com¬ 
plexity. 

The programme management for 
the MRSR study is supplied by NASA's 
Solar System Exploration Division. 
The study manager is Dr. Donald Rea 
of JPL, and Jay Greene of the Johnson 
Space Center (JSC) is the deputy study 
manager. The split of responsibility in 
the study is along the lines of system 
elements with the Texas centre handl¬ 
ing the Earth-to-Mars, and return, vehi¬ 
cles; aerocapture; landing; ascent; 
and sample recovery. The California 
centre addresses the Mars orbiter and 


° Ron Miller 

the rover. Roughly speaking, JSC is 
concentrating on transportation to and 
from Mars while JPL is looking at 
planetary surface operations. JPL is 
prime, with JSC support, for integra¬ 
tion, implementation planning, and 
mission design. 

The scientific opportunities inhe¬ 
rent in a laboratory examination of 
Mars samples include the possibility of 
detecting fossil life, age dating! and 
mineralogical analysis. As a stand¬ 
alone scientific expedition, as a precur¬ 
sor to the human exploration of Mars, 
or as an instrument for US leadership 
in space, the Mars Rover Sample 
Return would be an outstanding mis¬ 
sion, if approved. A target date for 
seeking a project start is fiscal year 
1993 (currently, formulation is under¬ 
way of fiscal year 1989 new-start candi¬ 
dates within the NASA budget). 


A rover collects samples on the surface of Mars in this depiction by artist Ken Hodges. In the background is the ascent vehicle and an orbiter (not to scale) flies 
overhead. A Mars Rover Sample Return mission is now being investigated in a joint study conducted by the Jet Propulsion Laboratory and the Lyndon B. Johnson 
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MULTI-MISSION HIGH DENSITY 
DATA RECORDING IS HERE! 


With so many new earth resource satellites, 
all with different data rates, the cost of 
purchasing, setting up and maintaining a 
variety of custom designed ground station 
recorders puts unacceptable strains on 
project budgets. A unique new high density 
digital recorder from THORN EMI elimin¬ 
ates this waste, is easier to operate and is 
very cost effective. 


PACKS MORE QATA- 
WITH GREATER ACCURACY 

Called HDRSr this radically different 
recorder, with adjustment-free operation, 
achieves optimum tape utilization and 
economy. Up to 50% more data per tape. 
Virtually error-free performance. Complete 
tape interchangeability. When analyzing 
tapes, synchronous data transfer cuts 
processing time. Immense advances for 
the systems integrator and for the user! 


OPERATIONAL SIMPLICITY 

Heart of the multi-mission HORS is its 
powerful menu-driven control system. It is 
equally effective as a stand alone recorder 
or when easily integrated into a larger 
system. 

BENEFITS FOR YOUR PROJECT 

Multi-mission HDRS is ready now for the 
new generation of satellites, whatever their 
mix of data rates. It eliminates the need for 
costly one-time engineering. HDRS offers 
limitless versatility, automated precision, 
proven reliability, demonstrable tape econ¬ 
omy plus savings on maintenance and 
common spares when you standardize on 
this unique system. 

HDRS can make your project more 
efficient, more cost-effective and very 
much easier to run. 


BACKED BY A WORLD OF EXPERIENCE 

HDRS is backed by THORN EMI’s world of 
experience in advanced high density digital 
recording in international aerospace and 
defense. Call us for your HDRS Data Pack. 

THORN EMI Datatech Limited 
Data Recording Division 
Spur Road, Feltham, Middlesex 
TW140TD, England. 

UK INT 

Telephone: 01-8901477 +441 8901477 
Telefax: 01-8440402 +441 8440402 

Telex: 23995 TEDFELG 

I THORN EMI 
Datatech 

A world of experience in data recording. 
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Overview of the main hall of the Brighton Centre and exhibits in SPACE '87. More stands were sited in a hall of the nearby Metropole Hotel. P.J. Fulford 


Exhibition Puts Spotlight On UK 


. The UK decision not to increase 
space funding and a minister's state¬ 
ment labelling the European Space 
Agency (ESA) as a "hugely expensive 
club" threw future European coopera¬ 
tion into a stateof turmoil at the begin¬ 
ning of October. 

Kenneth Clarke, UK minister for 
Tra.de and Industry, announced the 
decision during a television interview 
on the eve of the country's largest ever 
space exhibition and the opening of 
the 38 th International Astronautical 
Federation (IAF) Congress in Brighton. 

It left little room for negotiating or 
compromise at either the govern¬ 
ment's specially set up committee to 
review research and development 
spending, including space, or at the 
gathering of European ministers for 
ESA's important meeting in the Hague 
at the beginning of November. 

The decision also seemed harsher, 
coming as it did on the eve of the open¬ 
ing of the 38 th IAF Congress, being 
hosted in the UK for the first time in 28 
years and to which the government 
declined to send a representative. 

During the television news inter¬ 
view, Mr Clarke revealed that Britain 
was not prepared to spend any more 
than its current £112 m on space. 

Describing ESA as a "hugely expen¬ 
sive club", he said: "We have always 
stated that the programme put forward 
by ESA is over-ambitious. They don't 
really consider the cost of it." 


Mr Clarke added that the govern¬ 
ment had not been- persuaded to 
increase its expenditure based on 
ESA's present plans. 

Some delegates at Brighton from 
other ESA member nations suggested 
that the public airing of the UK position 
a month before the Hague meeting 
was indicative of a much wider behind- 
the-scenes debate goirtg on in other 
countries as well. 

At the opening ceremony ofthe IAF 
Congress, the largest event of its kind 
on the annual space calendar, there 
were messages and speeches from the 
UN Secretary General and heads of 
space activities in the US, Europe and 
USSR. The Congress was formally 
opened by Sir Raymond Lygo, Chief 
Executive of British Aerospace. 

Some 600 technical papers were 
present ed d uring the week, in addition 
to a,series of current affairs meetings 
and numerous formal and informal 
sessions. 

The SPACE '87 exhibition, 
organised by the British Interplanetary 
Society which also hosted this year's 
Congress, was a resounding success 
with some 70 firms, organisations and 
agencies from around the world taking 
part. 

As well as being open to Congress 
delegates, SPACE '87 was attended by 
a large number of industry representa¬ 
tives and on its final day by more than 


1,000 school children, students and 
teachers. 

Exhibitors at SPACE '87 included: 

Academy of Sciences of the USSR, Acton 
High School, Aeritalia Societa Aerospaziale 
Italiana, Aerospatiale DSBS, Air Products 
Ltd, BAJ Ltd, Boeing Aerospace Company, 
British Aerospace PLC, British National 
Space Centre, Butterworth Scientific Ltd, 
CNES (Centre National D'Etudes Spatiales), 
Culham Laboratory, Del Mar Avionics and 
La Calhene (GB) Ltd, Dornier Systems 
GmbH, Earth Observation Satellite Com¬ 
pany (EOSAT), Era Technology Ltd, Eurim- 
age, European Space Agency, Ferranti PLC, 
Fulmer Research, I.G.G. Component 
Technology, Interavia Publishing Group, 
ISC G roup I nc., Lockheed Corporation I nter- 
national, Logica Space and Defence Sys¬ 
tems, Marcol Computer Systems Ltd, Mar¬ 
coni Electronic Devices Ltd, Marconi Space 
Systems Ltd, Martin Marietta, SA Matra, 
MBB-Erno, McDonnell Douglas Astronau¬ 
tics Company, NASA/Jet Propulsion 
Laboratory, National Aeronautics & Space 
Administration, National Space Develop¬ 
ment -Agency of Japan (NASDA), Orbit 
Books/Krieger Publishing Co, Inc., Philips 
Thermocoax, Pilkington Space Technology, 
Prospace, Royal Ordnance PLC, Satellites 
International Ltd, SEP, Singer Link-Miles 
Ltd, Smith Associates Ltd, Societe 
Nationale Tour Eiffel, Space/The Shepherd 
Press Ltd, Spaceflight Magazine, Spacehab 
Inc., Spur Electron Ltd, SSE Telecom Inc., 
Surrey Satellite Technology Ltd, Systems 
Designers Scientific, Teldix GmbH, Thorn 
EMI Datatech Ltd, Westland Aerospace, 
Yard Software Systems. 
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INTERNATIONALSPACEREPORT 


ESA Urged to 

Trim 
Plans 

John Butcher. 



The UK Government has urged Europe to cut back its 
ambitious space programme. John Butcher. Under Secret¬ 
ary of State for Information Technology, told space indus¬ 
trialists at 'British Day' during SPACE '87 that the UK was 
concerned with the trend in ESA towards widening develop¬ 
ment objectives with diminishing regard for commercial 
realities. 

Mr.Butcher was speaking at a special luncheon aftertour- 
ing the SPACE '87 Exhibition in which 30 UK companies took 
part. His comments came two days after a statement on 
British television by the Trade and Industry Minister, Mr Ken¬ 
neth Clark (see previous page). 

Mr Butcher claimed that the UK was saying publicly what 
many other European Governments were saying privately 
and he went on to say: "We think the time has come for 
Europe to take stock and to review its space activities against 
likely future demands of the market. 

"Of course we appreciate we cannot subject space pro¬ 
jects to usual quarterly profit and loss account procedures. 
That is why we support programmes with taxpayers' money 
in order to provide space industries with opportunities to 
develop products with commercial applications. But a. 
balance has to be struck between the many competing 
demands for this money". 

Mr. Butcher confirmed that the Government had decided 
not to increase the existing level of UK space expenditure. 

"We will be looking at the Hague (the European ministers' 
meeting - see page 408) for a reappraisal of ESA's strategy. 
We think ESA's proposals are very expensive and that not all 
ofthe present proposals need to be decided now. We believe 
they should re-think their proposals and see if they can instil 
a more commercia|*slant into their operations. 

"Accordingly, we attach great importance to the discus¬ 
sions we are having at present with the private sector on how 
it can make an increased contribution to the formulation and 
financing of new space development, both in ESA and under 
our own national support programme". 

However, Mr. Butcher did say that the UK Government 
would look at the possibility of making more money availa¬ 
ble for the British Aerospace/Rolls Royce Hotol project. 

Earlier in the week the designer of the revolutionary 
engine that would be used in the spaceplane, Mr. Alan Bond, 
threatened to take his idea abroad if Government support 
was not forthcoming. 

A strong attack on the Government's statement came 
from the former minister responsible for space. Sir Geoffrey 
Pattie. 

Speaking at the official opening of a new Institute of Space 
Biomedicine at Sheffield University on October 19, Sir Geof¬ 
frey described a "curious fog of myopia" which seemed to 
have descended over the Government on this issue. 

"Can a country which depends utterly on trade and whose 
trade must depend crucially on developing new products 
based on materials and processed techniques, afford to opt 
out of a field which represents the most major concentration 
of advanced technologies anywhere in the world?" he asked. 
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Singer Link-Miles, designers and manufacturers of advanced training systems 
and simulators. 

Model of Space Telescope on the Lockheed stand. P J- Fulford 




Marconi Space Systems illustrated a broad capability in communications 
satellites and transponders. 

Ariane 4 and 5 models with Hermes on the Aerospatiale stand. P.J. Fulford 
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Somewhat eclipsed by the media 
controversy over Hotol and British 
space spending during SPACE '87 was 
the significant announcement by 
British Aerospace of the multi-role 
capsule concept. 

Capable of being launched by cur¬ 
rent boosters and the Ariane 4, the cap¬ 
sule (pictured left) would fulfill all 
Europe's payload recovery and man¬ 
ned transport requirements, also serv¬ 
ing as an escape system for the inter¬ 
national Space Station, seating six in 
this mode. 

The multi-role capsule is far more 
than an improvement on the Apollo 
capsule and is a crucial development 
for space station operations, according 
to former Apollo astronaut Buzz Aldrin, 
who gave his backing to the study. 


NASA Gives 
Out Mars 
Contracts 

Mars rover and sample return mis- 
sionstudycontractshavebeen awarded 
by NASA to Martin Marietta, FMC Cor¬ 
poration and Lockheed. 

Martin Marietta and FMC are to study 
mobility and surface rendezvous 
techniques needed for a robotic Martian 
rover. 

Aerobraking techniques that could 
be used by spacecraft entering the Mar¬ 
tian atmosphere are to be examined 
under contracts awarded to Lockheed 
and Martin Marietta. 

The studies will last for 11 months. 


Multi-role Rescue Capsule 


Dornier Wins US Titan Contract 


Martin Marietta has awarded a con- 
tractto Dornier System GMBH to man¬ 
ufacture the payload carrier assembly 
for the commercial Titan launch vehi¬ 
cle. 

Under the initial contract, Dornier 
will provide five 4 m diameter payload 
carrier assemblies for use on the com¬ 
mercial Titan, including two single¬ 
satellite assemblies, two dual-satellite 
assemblies and one test unit. 

A payload carrier is a device used on 
top of the commercial Titan vehicle to 
cradle the spacecraft until it reaches 
orbit. When two satellites are 

Software for 
Gamma Ray 
Observatory 

Logics is developing software to 
analyse data from the giant Gamma 
Ray Observatory satellite 
scheduled for launch in 1990 by the 
US space shuttle. 

Logica's software will perform 
analysis of data from gamma ray 
bursts collected by Comptel, an 
imaging instrument which will 
obtain some of the first true images 
of the gamma ray sky in a new (low) 
energy band. 

Gamma ray bursts are occa¬ 
sional dramatic surges of energy 
from a gamma ray source occurring 
in the space of a few seconds during 
a period of otherwise steady or 
undetectable energy emission. 

The software will calibrate all of 
the data collected by Comptel's 
burst detectors to find any bursts, 
then examine them in detail. 


launched, the carrier keeps them sepa¬ 
rate from each other as well. 

The estimated value of the initial 
contract, announced during SPACE 
'87, is approximately $18m, with four 
follow-on options that could bring the 
total contract value to approximately 
$45m. 

Beginning in 1989, Dornier will 
deliver the lightweight graphite epoxy 
payload carriers to Martin Marietta at 
Cape Canaveral for installation on the 
launch vehicles. The first flight of the 
carrier on the commercial Titan is 
scheduled for ,1989i 

"The selection of Dornier, for this 
key launch vehicle element further 
illustrates the new international 
character of the> commercial Titan veh¬ 
icle," said Richard Brackeen, President 


of Martin Marietta Commercial Titan. 

The Dornier payload carrier assem¬ 
bly, along with the payload fairing 
being developed by the Swiss firm, 
Contraves, will provide the commer¬ 
cial Titan vehicle with enhanced 
payload capability based bn the most 
advanced proven technologies in com¬ 
posite materials. 

Martin Marietta, which entered the 
commercial launch vehicle business in 
August 1986, has two firm contracts for 
satellite launches on commercial Titan. 
The first contract, with Intelsat, is for 
the launch of two satellites in 1989 and 
1990. The second contract is for the 
1989 launch of a satellite built by 
Hughes Communications for the 
Japan Communications Satellite Com¬ 
pany. 


Gibson Joins Inmarsat 

The former Director General of the British National Space Centre (BNSC), Mr 
Roy Gibson, has joined Inmarsat as Special Adviser to its Director General, Olof 
Lundberg. 

Mr Gibson, a leading figure in European space affairs and the first Director Gen¬ 
eral of the European Space Agency (ESA), announced his resignation from the 
BNSC in the summer after failing to get government support for a UK space plan 
(Spaceflight, September 1987, p. 316). 

"We feel very privileged that Mr Gibson is joining us," said Mr. Lundberg. "His 
wealth of experience and wide background in space industries and applications, 
both in Europe and elsewhere, will be of enormous value to Inmarsat as we face the 
exciting challenges of introducing new services." 

Before his appointment to BNSC, Mr Gibson was an independent aerospace 
consultant to British and international companies and acted as an advisor to the 
British and other governments in formulating and applying their space policies. 

Between 1967 and 1980, he took a leading role in European space activities as 
deputy head of the European Space Research Organisation's Technical Centre 
(ESTEC) in Holland, as Director of Finance and Administration at the Organisa¬ 
tion's headquaters in Paris and finally as the first Director General of ESA from 
1975 until 1980. 

Inmarsat, with 51 member countries following the recent joining of the Gulf 
state of Qatar and Israel, is the international cooperative operating a global system 
of satellites for maritime, aeronautical and other mobile communications. 
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Middeck Payloads for Next Shuttle Flight 


NASA has announced the secon¬ 
dary payloads which will be flown 
aboard the US space shuttle Discovery 
on the first flight following the Chal¬ 
lenger accident, at present scheduled 
for launch in June of 1988, writes 
RoelofL. Schuiling. ■ 

Automatic Directional Solidification Fur¬ 
nace: a technology demonstration of direc¬ 
tional solidification of magnetic materials, 
immiscibles and infrared detection mate¬ 
rials. 

Physical Vapor Transport of Organic Solids: 
a 3M Corporation research experiment to 

Spot Data For 

. An agreement on the reception of 
Spot images by the Maspalomas 
reception station in the Canary 
Islands. Spain, was signed on October 
29 by Mr. Gerard Brachet, Chairman 
and Managing Director of Spot Image, 
and Mr. Philip Goldsmith, the ESA 
Director of the Earth Observation and 
Microgravity Programmes. 

Images taken by Spot satellites over 
Western Africa, from the Ivory Coast 
and the Niger to Senegal and 
Mauritania, will be transmitted directly 
to the Maspalomas station. 

The data recorded at Maspalomas 
will be sent in the first instance to 
Toulouse for pre-processing at the 
Centre de Rectification des Images 
Spatiales (CRIS), set up jointly by the 


grow crystalline films on selected 
substrates of organic solids. 

Infrared Communications Flight Experi¬ 
ment: will investigate the feasibility of 
using diffuse infrared light as a carrier for 
shuttle crew communications. 

Protein Crystal Growth: the weightless 
environment of space will be utilised to 
grow protein crystals of a size and quality 
needed to determine the molecular struc¬ 
ture of the proteins. This type of information 
i s essential to understand protein functions, 
synthesis and for the design of drugs. 
Isoelectric Focussing Experiment: will 
gather .data on the extent o f electro-osmosis 
in space. 

Canary Islands 

French national space agency CNES 

* and the National Geographical 
Institute; the data will then be 
marketed by Spot Image. Later, some 
processing will be done at the 
Maspalomas station with 

responsibility for marketing remaining 
with Spot Image. 

The Maspalomas station, operated 
by the Instituto Nacional de Tecnicas 
Aeronauticas (INTA), is part of ESA's 
Earthnet system. It has been used for 
several years to receive data from the 
American Nimbus 7 and Landsat 
satellites and will be one of the stations 
that will receive data from ESA's ERS-1 
remote sensing satellite due to be 
launched in 1990. •» 


Handheld Microgravity Experiment: also 
called the Phase Partitioning Experiment, it 
will study the physics associated with the 
separation of two-phase polymer solutions 
(in this case dextran and polyethylene 
glycol). These studies may lead to a better 
understanding of a method used in separat¬ 
ing biological cells. 

Aggregation of Red Blood Cells: to'study 
the aggregation of red blood cellsand blood 
viscosity u nd er low-gravity conditions. 
Mesoscale Lightning Experiment: TV and 
photographic data will be used to survey 
the correlation between lightning 
phenomena and severe weather activity. 
Earth-limb Radiance Experiment: will 
obtain measurements of Earth-limb 
radiance for various positions of the Sun. 

In addition to the above, two space shut¬ 
tle student involvement experiments will 
also be flown. 

The Titanium Grain Crystal Reorganisation 
Study: designed by high school student 
Lloyd Bruce of St. Louis and sponsored by 
McDonnell Douglas, this experiment will 
heat titanium metal filaments and observe 
the effects of weightlessness on the 
molecular structure. 

Crystal Growth Experiment: designed by S. 
Richard Cavoli of Marlboro, New York and 
sponsored by the Union College of 
Schenectady, New York, this experiment 
will study the control of crystal growth 
through the use of a semi-permeable mem¬ 
brane. Such crystals have application tothe 
development of image-intensifying screens 
for use in detecting Gamma rays and X- 
rays. 

Primary payload for this shuttle flight 
will be the Tracking and Data Relay Satellite. 



First Flight in 1991 


McDonnell Douglas and Aeritalia have 
completed the Spacehab module Phase-B 
contract studies for preliminary design 
and definition it was announced during 
SPACE ’87. 

The Phase-B studies validated the 
feasibility of the concept and resulted in 
an increase in module accommodation to 
satisfy customer requirements. 

The refined definition of the Spacehab 
modules added additional capabilities to 
the modules, including significant 
increases of power availability for experi¬ 
ments, active cooling and independent 
environmental contro 1 and life support 
systems. A data management system, 
which can be accessed by users, is now 
part of the baseline Spacehab module 
design. 

When the extended Phase-B studies 
are completed next year, Spacehab plans 
to begin Phases C/D (detailed design and 
construction) for the modules which wiill 
take about three years. 

Two modules are being built and one 
test article, and Spacehab is planning a 
first module flight in 1991 with two flights 
a year possible in 1992 and 1993. 

Artist's impression of the International Space 
Station in orbit with Spacehab modules 
attached. 
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Soviets 

Promote 

Proton 

The Soviet Academy of Sciences 
displayed scale models of the Mir com¬ 
plex (which included the third solar 
array), the Energia and Proton boos¬ 
ters, and Phobos interplanetary craft 
at SPACE '87. 

The cluster arrangement of the 
strap-on boosters and an attached 
'piggy-back' payload could be 
examined on Energia - the picture 
below shows a close-up of the core and 
strap-on booster engine nozzles. 

During a press conference the 
Soviets did not reveal when the next 
launch of Energia would be. However, 
in comments about manned activities 
on the M ir station, it was stated that the 
launch of the next scientific module is 
not scheduled before the end of 1988 
or the beginning of the following year. 

Detailed technical information, in 
the form of a new booklet for potential 
customers, was also available on the 
Proton launcher which is being mar¬ 
keted for the launch of commercial or 
scientific satellites from other coun¬ 
tries. 

It contains comprehensive notes on 
launch site and ground facilities opera¬ 
tions, payload preparation and integra¬ 
tion, as well as safety rules and require¬ 
ments. 

According to the booklet, for exam¬ 
ple, a customer's satellite and its 

Top left: Scale model of the Mir space station 
complex showing the three solar arrays and 
(centre) a close-up of the Kvant science module 
with a Progress re-supply vehicle. Below left: Gen¬ 
eral view of the Soviet Stand. Below: Engine noz¬ 
zles of Energia's core and strap-on boosters. 

P.J. Fulford 
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French 
Structure for 
Mir EVA 

Aerospatiale, whose stand 
formed part of the significant French 
presence at SPACE '87, is developing 
a large unfurlable structure to be 
tested on the next Franco-Soviet 
flight in 1988. 

This structure (left) will be instal¬ 
led on the outside of the space station 
Mir by French astronaut Jean-Loup 
Chretien during an extra-vehicular 
activity. It will then be deployed by 
remote control from inside the sta¬ 
tion. 

Aerospatiale will deliverthree ERA 
models: a model for training, a qual¬ 
ification model, and the flight model. 

The purpose of this experiment is 
to prove the feasibilty and the con¬ 
cept of this type of structure which 
will be needed in the future for large 
unfurlable antennas and space sta¬ 
tion elements. 


equipment can be transported by 
Aeroflot aircraft only and preparation 
of the satellite once installed on the 
launch pad must take no longer than 
one day. 

Information on the launch vehicle, 
orbital performance, electrical connec¬ 
tions and the satellite separation sys¬ 
tem are all given. 

Temperature control for a satellite 
on the launcher is carried out by an air- 
conditioning system in the payload 
fairing. 

Approximately two hours before 
lift-off the air-conditioning system is 


switched off and individual protection 
devices dismantled. Re-charging of a 
satellite's chemical battery is stopped 
90 minutes prior to launch and service 
personnel are evacuated as the 
countdown enters the final hour. 

Meanwhile, the USSR has reiterated 
its assurance over tlie preservation of 
technical secrets on foreign satellites 
launched by a Soviet booster. 


Commenting on the United States 
em bargo in this area, Boris Pyadyshev, 


first deputy head of the Soviet foreign 
ministry information directorate, said: 
"We are prepared to guarantee that a 
customer's interestswill not suffer, 
either in terms of money or from the 
viewpoint'of the preservation of 
technological or othei^secrets." 


The US companies General Electric 
and General Motors have already 
expressed interest and have requested 
permission from the US administra¬ 
tion to have communications satellites 
launched by Soviet rockets. 


China Gets PAM Agreement From US 



McDonnell Douglas has signed a technical assistance agreement with China for 
possible use of the McDonnell Douglas Payload Assist Module (PAM) on the 
Chinese Long March series of rockets. 


The agreement, signed with the 
China Great Wall Industries Company, 
will serve as the basis for all future 
proposals involving the PAM and the 
Chinese. 

The PAM was developed in the mid- 
1970s to fly either as the third stage of 
the US Delta rocket or as an upper 
stage on the space shuttle. It would act 
as a third stage on the Lortg March. 

"This agreement opens the door for 
us to proceed with proposals to the 
Chinese government or with spacec¬ 
raft customers planning- to use the 
Long March," said Dan Green, Vice 
President of Marketing and Advanced 
Program Development. 

Green said that if a contract is 


signed for the use of PAM with the 
Long March, the Chinese would not be 
trained to work with McDonnell Doug¬ 
las hardware. "We would build it, 
travel with it and do al! the prepara¬ 
tions ourselves. There would be no 
transfer of technical information," he 
said. 

Two PAM models have been 
developed, the PAM-D and PAM-D II. 
Two more which would be used on the 
Chinese rocket are under concept 
definition, the PAM-D III and PAM-D IV. 

The PAM, together with the interna¬ 
tional space station, featured in both 
displays and video presentations on 
the McDonnell Douglas stand at 
SPACE '87. 
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Engine Leak Poses Threat to June Launch 


A leak in the heat exchanger of 
Space Shuttle main engine number 
2027, discovered after the third accep¬ 
tance test firing on October 10, is being 
analysed at NASA's National Space 
Technology Laboratories. 

The engine is now mid-way through 
a tedious six-part leak isolating pro¬ 
cess. Early mass spectrometer inspec¬ 
tions indicate the leak may be in one of 
the two hardest-to-inspect portions of 
the oxidizer heat exchanger. Four more 
distinct test procedures will be used to 
continue to isolate the leak. 

Engine 2027 was the first of three 
flight engines being acceptance tested 
for use on the next Shuttle mission, 


STS-26. Unless it turns out to be a con¬ 
dition common to other engines, the 
problem is not expected to affect the 
STS-26 launch scheduled for June 2, 
1988. 

If the heat exchanger is deemed 
unacceptable, the present spare 
engine, number 2028, will be used to 
make up the three-engine flight com¬ 
plement. This could entail some 
engine schedule slippage, but ways to 
minimise delays are being investi¬ 
gated. 

Initial data following the 520 second 
test indicated that the engine per¬ 
formed normally, according to test offi¬ 
cials from NASA and the Rocketdyne 


Division of Rockwell International. Dur¬ 
ing routine post-firing checkout of the 
engine, however, indications of a 
potential leak were discovered in the 
oxidizer heat exchanger. A leak check 
on the heat exchanger is performed 
after every engine testfiring. 

The heat exchanger consists of 
approximately 28 feet of tubing in the 
exhaust manifold of the high pressure 
oxidizer turbopump. A portion of the 
engine's liquid oxygen supply is 
routed through the heat exchanger coil 
to convertthe liquid oxygen into gase¬ 
ous oxygen. The gaseous oxygen is 
used to pressurise the main oxygen 
supply in the Shuttle's external tank. 


SATELLITE 
DIGEST - 207 

Robert D. Christy 

Continued from the November 1987 issue 


A monthly listing of satellite and spacecraft launches, 
compiled from open sources. The heading to each launch 
gives the name of the satellite, its international designa¬ 
tion and its number in the NORAD catalogue. Launch 
times are given in Universal Time and are accurate to 
about five minutes except where marked with an 
asterisk, where the time is to the nearest minute as 
announced by the launching agency. 


COSMOS 1871,1 987-65A, 18259. 
Launched: 0400, 1 August 1987 from 
Tyuratam, by AD-2 or J-1. 

Spacecraft data: Not known, although the 
mass was around 10 tonnes. 

Mission: Some form of vehicle test, possi¬ 
bly military photo-reconnaissance, 
though the payload decayed naturally on 
10 August without performing any man¬ 
oeuvres. 

Orbit: Sun synchronous - 173 x 216 km, 
88.45 min, 97.04 deg. 


PROGRESS 31. 1987-66A, 18283 
Launched: 2044*, 3 August 1987 from 
Tyuratam by A-2. 

Spacecraft data: Soyuz derived design, 
having a near-spherical supplies compart¬ 
ment carring a rendezvous radar tower, a 
covered liquids tank section and cylindri¬ 
cal instrument unit containing batteries 
and a combined rocket motor/attitude 
control system. Length 7.5 m (including 
the docking unit), maximum diameter 2.2 
m and mass around 7000 kg. 

Mission: Unmanned cargo vessel flying in 
support of the Mir space laboratory com¬ 
plex. It docked with Kvant's rear port at 
1028 on 5 August. 

Orbit: Initially 187 x 250 km, 88.81 min, 
51.64 deg, then by way of a 256 x 314 km 
transfer orbit for docking with Mir/Kvant in 
an orbit of 309 x 360 km, 91.17 min, 51.63 
deg. 


CHINA 20, 1987-67A, 18306 
Launched: 0638, 5 August 1987 from Jiu- 
quan (Shuang Cheng Tse) by CZ-2 (Long 
March 2). 

Spacecraft data: Satellite with a recovera¬ 


ble capsule, length around 5 m and diame¬ 
ter around 2.5 m, and mass around 2 ton¬ 
nes. 

Mission: International micro-gravity 

experiments payload. The return capsule 
was recovered in Sichuan Province of 
China at 0530 on 10 August. The remain- 
derof the craft re-entered on 23 August. 
Orbit: 172 x 400 km, 90.24 min, 62.96 deg. 


METEOR2 (16), 1987-68A, 18312. 
Launched: 0229, 18 August 1987 from 
Plesetsk by F-2. • 

Spacecraft data: A cylinder with a pair of 
sun seeking Solar panels at right angles to 
the centre of the body, and an Earth point¬ 
ing sensor array at one end. The length is 
probably about 5 m, diameter 1.5 m and 
mass around 200 kg. Stabilisation isbythe 
useof momentum wheels. 

Mission: Meteorological and remote 
sensing satellite. 

Orb/f:938x962km, 104.12 min, 82.57deg. 


COSMOS 1872, 1987-69A, 18314. 
Launched: 0700, 19 August 1987 from 
Plesetsk by A-2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 11 days. 

Orbit: 247 x 385 km, 90.88 min, 72.87 deg. 


Kiku 5 (ETS 5), 1987-70A, 18316. 
Launched: 0915, 27 August 1987 frQm 
Tanegashima by three-stage H-1. 
Spacecraft data: Three-axis stabilised, 
box shaped body, 1.4 x 1.67 x 1.74 m with 
a 9.7_m span solar array. The mass is about 
550 kg. 

Mission: Technology development satel¬ 
lite including a C-band communications 
package, and transponders at L-band for 
use by ships and aircraft. 

Orbit: geosynchronous above 150 deg 
east longitude. 


COSMOS 1873, 1987-71 A, 18318. 
Launched: 0820, 28 August 1987 froiki 
Tyuratam, by D-2 or J-1. 

Spacecraft data: Not known, although the 
mass was around 10 tonnes. 

Mission: Someformofvehicletest, possi¬ 
bly for military photo-reconnaissance, 
though the payload decayed naturally on 
14 September without performing any 
manoeuvres (see also Cosmos 1871). 
Orbit: 177 x 255 km km, 88.83 min, 64.84 
deg. 


COSMOS 1874, 1987-72A, 18326. 
Launched: 1025, 3 September 1987 by A- 
2. 

Spacecraft data: Based on the Vostok 
manned spacecraft and consisting of a 
spherical, camera carrying re-entry mod¬ 
ule supported by a conical instrument unit 
containing batteries, control equipment 
and a rocket motor system. A 2 m diame¬ 
ter, 0.5 m deep, cylindrical, supplemen¬ 
tary instrument package may be carried at 
the forward end. The overall length is 
about 6 m, maximum diameter 2.4 m and 
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Mixed Fleet Manifest 


NASA has issued a new, mixed fleet 
manifest designating primary 
payloads for Space Shuttle missions 
to 1990 and expendable launch vehi¬ 
cles (ELVs) to 1995. 

The manifest reflects the high prior¬ 
ity assigned to major science payloads. 
In 1989, five NASA science missions, 
some with international cooperation, 
will be launched. Four will fly on the 
Shuttle. 

The four Shuttle missions include 
Magellan, which will map Venuswitha 
high-resolution radar, in April 1989; 
Hubble Space Telescope, one of 
NASA's highest priorities and a 
cooperative project with the European 



the mass is between 6 and 7 tonnes. 
Mission: Military photo-reconnaissance, 
recovered after 14 days. 

Orbit: 225x291 km, 89.71 min,72.87 deg. 


EKRAN16, 1987-73A, 18328. 

Launched: 1925, 3 September 1987 from 
Tyuratam by D-1-e. 

Spacecraft data: Stepped cylinder with an 
aerial array in the form of a 6 m x 2 m 
rectangular panel at one end. Electrical 
power is provided by a pair of rotatable, 
boom mounted solar panels at the oppo¬ 
site end of the body, and positioned at 
right angles to it. Station keeping is by the 
use of gas jets, and three-axis stabilisation 
is achieved by rryjmentum wheels. The 
length is about 5 m, the maximum diame¬ 
ter about 2 m, and the mass around 2000 

kg- 

Mission: Communications satellite pro¬ 
viding television and radio services to 
community aerials in remote areas of the 
USSR. 

Orbit: Geosynchronous above 99 degrees 
east. 


COSMOS 1875-1880, 1987-74A-F, 119334- 
9. 

Launched: 2355, 7 September 1987 from 
Plesetsk by F-2. 

Spacecraft data: Each satellite is may be 
spheroidal in shape, about 1 m long and 
0.6 m diameter, and with mass approx 40 
kg- 

Mission: Single launch of six satellites to 
provide tactical, point to point communi¬ 
cations fortroops or units in the field. 
Orbit: 1387 x^1411 km, 113.81 min, 82.58 
deg (lowest), 1411 x 1416 km, 114.13 min, 
82.58deg (highest). 


Space Agency (ESA), in June 1989; 
ASTRO-1, a Shuttle-borne ultraviolet 
observatory, also in June; and Galileo, 
a cooperative project with Germany to 
make the first comprehensive survey 
of Jupiter and its moons, in October 
1989. 

In addition, the Cosmic Background 
Explorer, a mission to investigate cos¬ 
mic background noise, is planned for 
launch on a Delta in February 1989. 
NASA also will accelerate deployment 
of other space science missions by full 
use of ELVs. 

For example, the Roentgen Satellite 
is planned for launch on a Delta in Feb¬ 
ruary 1990 and the Extreme Ultraviolet 
Explorer is planned for launch on a 
Delta i n August 1991. 

In October 1990, the cooperative 
ESA/NASA Ulysses mission to observe 
the polar region of the Sun is 
scheduled to be launched on the Shut¬ 
tle. 

The reformatted launch schedule 
includes Space Shuttle missions upto 
STS-44, projected ELV flight assign¬ 
ments, flight histories for the Shuttle 
and ELVs, and a summary of payload 
requests for flight assignments. 

Secondary payloads, including 
some commercial activities, will be 
added to the launch schedules as they 
are formally assigned. 

A manifest for Space Shuttle flights 
beyond 1990 will be issued following 
decisions regarding* launch vehicle 
assignments for certain DoD payloads 
compatible with Shuttle and ELVs. 


The major objective of the test was 
to evaluate performance of the 
fluorocarbon wiper O-ring. To check 
performance, a small opening was 
placed through the polysulf'de adhe¬ 
sive that bonds the nozzle insulation to 
the case insulation. The opening 
allowed pressure to reach the O-ring. 

The test burn lasted six-tenths of a 
second and pressure was held for 122 
seconds. Engineers are continuing to 
correlate temperature and pressure 
data with analytical models. 

The next test of the flight configura¬ 
tion for the SRM is due during the latter 
half of this month (December) when 
development motor 9 (DM-9) is fired. 

DM-9 will provide an opportunity to 
obtain a databaseon a "pristine" flight 
configuration of the SRM and will not 


Japan Works 
On Fuel Tanks 
For H2 Rocket 

The first cryogenic fuel tanks for 
Japan's H2 rocket are being 
completed by Mitsubishi engineers 
using an automatic production 
facility which is claimed to be one of 
the most advanced in the world. 

The facility, at the Mitsubishi 
Heavy Industries, Nagoya Aircraft 
Works was commissioned in June 
1986 as part of a major national 
programme to move into the 
commercial spacecraft launcher 
market. 

Assistance in the development 
of the facility, which has been 
designed specifically to optimise 
production of the H2's cryogenic 
fuel tanks, was provided by Sciaky 
of Chicago. 

Sciaky, renamed Ferranti Sciaky 
Inc (FSI) after Ferranti required the 
whole of Allegheny's shareholding, 
traces its involvement in 
specialised aerospace welding to 
early stages of the US space 
programme. 

Although smaller than the US 
Shuttle tanks, the H2 cryogenic 
tanks are made of the same 
material. Aluminum 2219. This 
alloy, containing six per cent 
copper, requires very special 
welding techniques and tooling 
when formed into large structures. 


contain any induced flaws. Shuttle 
programme officals are considering 
plans for inducing several flaws in a 
later test motor to help evaluate the 
SRM redesign's reliability and safety 
margin. 

The DM-9 test has been rescheduled 
because of complications encountered 
in the nozzle fabrication process. Due 
to those same complications, the SRM 
flight hardware will probably be deli¬ 
vered to Kennedy Space Center about 
two weeks later than originally pro¬ 
jected. 

At present there appears to be suffi¬ 
cient flexibility in the KSC scheduling 
systemtoaccommodatethe change in 
the pre-launch processing schedule 
and stiM meet the June 1988 launch 
date. 


Shuttle SRM Passes Crucial Test 

Critical O-rings stayed sealed during the most recent test of the US Space Shut¬ 
tle's re-designed solid rocket motor (SRM) nozzle joint in spite of an intentional 
flaw. 

A Nozzle Joint Environment Simulator 2-B (NJES 2-B) test at Morton Thiokol's 
Wasatch Operations site in Utah on October 8, showed that the flaw allowed pres¬ 
sure to reach the wiper O-ring closest to the SRM's propellant, but that the O-ring 
showed no evidence of pressure blow-by, erosion or heat damage. 
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EUROPEAN RENDEZVOUS 


Thatcher Government Opts Out 


State 

Ariane 5 

Columbus 

Hermes 

Austria 

0.4 

— 

0.5 

Belgium 

6.0 

5.0 

6.4 

Denmark 

0.5 

1.0 

0.5 

France 

45.0 

13.8 

45.0 

Germany 

22.0 

38.0 

30.0 

Ireland 

0.2 

- 

- 

Italy 

15.0 

25.0 

12-13 

Netherlands 

2-2.5 

1-1.5 

1.5-3 

Norway 

0.4 

0.4 

~ 

Spain 

3.0 

6.0 

5.0 

Sweden 

2.0 

- 

- 

Switzerland 

2.0 

- 

1.5 

United Kingdom 

- 




Table showing percentage contributions of ESA member states to the Ariane 5. Hermes and 
Columbus development programmes. 


ESA 

FORGES 
AHEAD 

The UK has opted out of 
Europe's ambitious multi-million 
dollar space programme after a 
stormy two-day meeting of 
ministers from the 13 member 
countries of the European Space 
Agency (ESA). 

Despite blatant attempts by the UK 
government to halt ESA's three most 
costly and ambitious projects - Ariane 
5, the Hermes mini-shuttle and the 
Columbus space station - ministers 
formally adopted the long range plans 
in a package totalling some £7 billion: 
There was little support or sympathy 
for the lone British stand. 

An Ariane 5/Hermes combination will 
give Europe an independent capability to 
launch its own astronauts into orbit by the 
year 2000, probably to the Columbus space 
station, Europe's element of the US-led 
international manned space station. 

Britain was the only nation, large or 
small, not to support any of the three major 
optional ESA programmes. Progress on 
development of the Hermes and Columbus 
projects will be reviewed after three years. 

The $3.5 billion Ariane 5 project for a 
heavy-lift launcher, a follow-on to the 
already hugely successful Ariane launcher 
programme which will see the first Ariane 4 
launch next year, won strong support with 
only Britain opting out. 

France will take 45 per cent, Germany 22 
per cent, Italy 15 per cent with the 


Britain's 
Space Future 

Following the failure of the govern¬ 
ment to back ESA's future prog¬ 
ramme, the BIS calls for an urgent 
reappraisal of policy to provide Britain 
with an effective long-term plan that 
will place It at the forefront of space 
technology and space applications. 

The Society says that the present 
stance is ill-conceived and will be 
invalidated by the continuing benefits 
and influence gained by the increasing 
number of space-oriented countries in 
Europe and elsewhere. 

-- Comment - 


remainder split among the Netherlands, 
Norway, Spain, Sweden, Switzerland, 
Austria, Belgium, Denmark and Ireland, the 
latter pledging to commit 0.2 per cent. 

Hermes, again led by France which will 
put up 45 per cent ofthe cost, attracted the 
support of nine member nations, including 
Germany and Italy. 

Germany took a lead in the Columbus 
programme with a 38 per cent contribution 
to the eventual $3.7 billion estimated cost. 
Seven other countries will be giving strong 
support. 

There remains a chance that Britain 
could become • involved in Columbus 
through the polar platform although, under 
ESA rules for handing out contracts, British 
companies are unlikely to get the prime 
contractor role previously hoped for. , 

The UK government representative, Mr. 
Kenneth Clarke, Minister for Trade and 
I ndustry, had attended the two-day meeting 
in the Hague on November 9 and 10 
believing he would win strong supportfora 
severe trimming of Europe's space plans 
(see p.401). 

However, nothing could have been 
further from the truth as he proceeded with 
a lonesome attack on the agency's plans. 

Mr Clarke warned ministers to reject 
plans that "led to nowhere", saying that the 
money required (which for the UK would 
have meant a tripling ofthe space budget to 
around £300m a year) was more likely to 
cripple European industry than enhance its 
competitive potential. 

He said Britain did notwantto be part of 
"grand political gestures" which he claimed 
had more to do with "prestige" than wise 
spending of taxpayers' money. 

After the meeting, in a statement 
reflecting the Thatcher government's harsh 
policies on both Europe and public 
spending, Mr. Clarke, said: "Other 
members have gone off on what we regard 
as an expensive frolic at enormous expense 
to the French and . German taxpayer in 
particular. I see no reason why the UK 
taxpayer should pay for the same 
privilege." 

Although Mr. Clarke's attack on the 
Hermes programme was widely expected, 
it came as a surprise when he spoke out 
against Ariane 5 which Britain had agreed to 
back at an ESA ministerial meeting in Rome 
in July 1985. 

He claimed that Ariane 5 had since been 
modified to carry Hermes, a change which 
would make it uncompetitive when 


compared with similar rockets under 
development in America and Japan. 

As well as criticising ESA's optional 
programmes Mr. Clarke refused to go along 
with a proposed five per cent increase in 
spending on compulsory science 
programmes. Britain's contribution to the 
ESA science budget currently stands at 
£14m, so the five per cent would have 
added a mere £700,000. 

Mr. Clarke's French counter-part, M. 
Alain Madelain, was unconvinced by the 
British argument that private companies 
should be putting up development cash for 
the major new projects. 

Prof. Antonio Ruboti, Italy's Research 
Minister, said he could not understand the 
UK position that future large-scale space 
projects should attract significant amounts 
of private rather than public money. 

Roy Gibson, who resigned as the 
Director-General of the British National 
Space Centre in , the summer after 
government refusal to accept any increase 
in the annual space budget, said after 
hearing the outcome that Britain would now 
have very little influence within ESA. 

Sir Geoffrey Pattie, the former minister 
responsible for space, who was sacked by 
Margaret Thatcher after she was returned to 
power in June, said he was "very 
disappointed". 

He added: "Some of ESA's programmes 
are very closely targetted and refined. In 
others it is right to ask questions. The 
danger is that it is very much an 'all or 
nothing' approach. There is a danger we 
will be cut out altogether." 

-British and European Space Policy- 

There is a critical level of 
government commitment and of 
public funding below which Britain 
will be unable to remain a serious 
actor in space, according to the 
recently published report British 
Space Policy and International 
Collaboration by Admiral Sir James 
Eberle and Dr Helen Wallace of the 
Royal Institute of International Affairs. 

Continuation of the present level of 
British space spending will soon bring 
the country below that critical level and 
in this situation Britain would become 
little more than a user of technologies 
developed elsewhere and would have 
little expectation of harnessing space 
systems to serve distinct British 
interests. 
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SPACEPLANES 



Spaceplanes - Key to the Future 

by E. Hogenauer 


In Europe, the United States and 
Japan the course is now being set for 
development of the next two genera¬ 
tions of space transportation systems. 
The decisions to be made will deter¬ 
mine not only the future of space 
travel but of our scientific, economic 
and political life as well. 

The debate preceding these deci¬ 
sions is not of a purely technical 
nature, since the financial and political 
aspects of the technology involved will 
be the decisive factors. 

To start, let us try to imagine what 
the space scenario will be in the year 
2000. Firstly, many tonnes of payload 
will need to be transported into low- 
Earth and geostationary orbits: satel¬ 
lites, carriers, manned and unmanned 
space stations and an "orbital trans¬ 
fer" will have been established bet¬ 
ween the various orbits. 


Space-transportation systems cur¬ 
rently available in the western world 
are the products of different levels of 
technical development: 

• Multi-stage launchers of the same 
classes as the Aria ne 4 and Ariane 5. 

• Multi-stage launchers with reusable 
upper stages such as Hermes and 
space shuttles. 

• The single or multiple-stage, com¬ 
pletely reusable winged space 
transporters. 

Despite the variety of systems and 
technologies, a developmental trend is 
apparent: away from expendable roc¬ 
kets to partially reusable and finally 
toward entirely reusable launchers. 

The full capacity of all available sys¬ 
tems is needed to transport the stead¬ 
ily increasing quantity of payload. 
Payload levels will continue to rise up 


to the end of the 1990's. For example, 
the European Space Agency (ESA) esti¬ 
mates a payload volume for the year 
1995 of between 50 and 100 tonnes in 
Europe alone. As a comparison, the 
Soviet Union currently transports 300 
tonnes of payload into space every 
year. 

A projection of European overall 
transport costs up to the year 2020 indi¬ 
cates that these costs will mushroom: 

• £3.6 billion for Ariane 4 launches 
from 1987 to 1997. 

• Between £8 billion and £10 billion 
for Ariane 5 launches from 1997 to 
2005. 

• Between £20 billion and £34 billion 
for all Ariane 5/Hermes launches 
from 2005 to 2020. 

In 1992, for example, the launching 
costs for all ESA programmes will be 
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W. Germany Studies Sanger Concept 



In West Germany, MBB took up early 
last year the concept of a reusable man¬ 
ned two-stage space transportation 
system based on work done by the 
German space systems pioneer Eugen 
Sanger in the sixties. 

MBB's "Sanger" proposal, which has 
been submitted to ESA by Germany's 
Ministry of Research and Technology, 
presents a future project that could be 
implemented by the year 2005 to pro¬ 
vide Europe with autonomous manned 
access to space. The essential feature of 
the project is reusability. 

Both the West German Ministry of 
Research and Technology and ESA have 
commissioned studies on the Sanger 
concept and the required propulsion 
technology. U nder contract to ESA, MBB 
is cooperating with Rolls Royce, MTU 
and MBW in a study on future air-brea¬ 
thing propulsion systems, and with the 
Swedish company Saab in a study on 
flight dynamics during re-entry into the 
atmosphere. MBB has also been com¬ 
missioned to perform a study an the 
overall Sanger concept by the West 
German Federal Ministry of Research 
and Technology. 

An important Sanger feature is capa¬ 
bility to reach any orbit desired after tak¬ 
ing off from conventional airports in 
Europe. The upper stage would be car¬ 
ried "piggy-back" on the lower stage 
and separate from it at high altitude with 
both stages able to land at the same air¬ 
port. Comparable in size to a present- 
day Boeing 747, the lower stage will be 
equipped with six air-breathing tur¬ 
boramjets producing 400 kN of thrust 
each to reach a cruising speed of about 
Mach 4.5. 

The lower stage would climb to an 
altitude of approximately. 35 km and 
attain a speed of Mach 7 before releasing 
the upper stage. The lower stage would 
then return to its airport base. 

The second stage, called Horus (Hori¬ 
zontal Upper Stage) is a further develop¬ 
ment of the Hermes shuttle, but is also 


equipped with its own propulsion sys¬ 
tem and would ascend to an altitude of 
about 500 km.^ The two high-perfor¬ 
mance rocket engines now planned for 
Sanger's upper stage will deliver 7800 
kN of thrust and burn liquid hydrogen 
and liquid oxygen. 

Technology for this high-pressure 
engine was developed, tested and 
patented at MBB in the late sixties, and 
the combustion-chamber technology 
has for years been used by NASA under 
license for the main engines of the US 
space shuttles. 

The Horus upper stage is designed to 
carry from two to six astronauts and a 
payload of two to four tonnes. Later on, a 


variant consisting entirely of cabin space 
for space tourism could carry 36 people 
for one-day space trips. The unmanned 
Cargus (Cargo Upper Stage) version 
could haul 15 tonnes of material into a 
low-Earth orbit. 

Sanger will have a launch mass of 
approximately 380 tonnes - the first 
stage will account for about 295 tonnes, 
of which 150 tonnes will be fuel (liquid 
hydrogen). Horus is to weigh a total of 
approximately 91 tonnes, of which 65 
tonnes will be fuel and oxidizer (liquid 
hyrdogen/liquid oxygen). Cargus would 
weigh a total of 76 tonnes, with 55 ton¬ 
nes of fuel (LOX/LH) and 15 tonnes of 
payload. 


From previous page 

as high as Germany's present total 
contribution to ESA funding. The con¬ 
sequences are clear: high launching 
costs will block the development of 
new payloads, governmental projects 
will be cut back and private projects 
will simply stop. 

Space travel will once again be com¬ 
pletely dependent upon governmental 
sources of finance, throwing a logical 
historical development into reverse. 

The initial period of space flight was 
anything but commercial, being based 
on military know-how and determined 
by the political competition for pre¬ 
stige between the two superpowers. 

The driving forces behind the 
gradual development of the European 
space industry in the sixties and seven¬ 
ties were science and research. 

At the beginning of the second 
period the decision-makers were 
already endeavouring to achieve a cer¬ 
tain degree of commercialisation, and 
space vehicles are now designed as 
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payload transporters that can be char¬ 
tered. 

The third, future generation of com¬ 
pletely resusable space vehicles will be 
marked by an increasing degree of 
commercialisation. Paralleling the 
development of aviation in the thirties, 
space travel will win a broad customer 
group by means of its attractive and 
economical services and, as a con¬ 
sequence, expand rapidly. 

We expect the decisive decrease in 
costs to come from "reusability" 
technology. This technology. is 
implemented at least in part by the 
European shuttle Hermes. 

However, the cost-damping effect 
hoped for will be outweighed in the 
case of Hermes by three factors: 

1. Expendable-rocket technology: 
complicated and expensive high 
technology equipment is fabricated, 
integrated and subjected to com¬ 
prehensive testing only to be lost 
after just a single use. According to 


current estimates, an Ariane 5 
launch will cost £73 million. 

2. The Ariane and Hermes combina¬ 
tion: in this combination the 
payload capacity of Ariane 5 is 
reduced from 10 to 4.5 tonnes. 
Hermes will act as a "dead payload" 
and increase specific launching 
costs. 

3. Additional infrastructure: the mis¬ 
sion of the manned shuttle can only 
be accomplished if supported by a 
number of technical systems. 

Hermes' task will be to carry men 
and machines into space for the Euro¬ 
pean space station and then to function 
as the "umbilicus" to this space sta¬ 
tion. 

However, making the Hermes sys¬ 
tem work involves not only the 
development of the space glider itself, 
but also the establishment of an effi¬ 
cient infrastructure consisting primar¬ 
ily of the following components: 
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Above: Artist's impression of a future US aerospaceplane being considered 
under joint NASA/DOD studies. NASA 

Left: Sir Raymond Lygo, chief executive of British Aerospace, is interviewed 
by BBC television at SPACE '87 on the future of Hotol. A scale model of Hotol 
deploying a satellite is pictured below. PJ. Fulford 



9 Integration centre for the space 
glider. 

• Training centre for the crew. 

• Control centre for the overall mis¬ 
sion with Launch/Landing Control 
and Orbital Control sections. 

• Landing fields. 

• Communications system with a 
data-relay satellite in space and an 
Earth-girdling network of ground 
stations. 

The Hermes programme will also 
develop, test and make available to 
Europe a large number of future 
technologies: 

• Re-entry technology. 

• Hybrid flight controls and attitude 
and orbit control for navigation both 
within and outside the atmosphere. 

• New materials. 

• Manned space flight. 

Thus, Hermes is a step in the right 
technical direction, but the operation 
of the overall launching system is 
extremely cost-intensive. 


The European third-generation 
transport system which is to supercede 
Hermes at the beginning of the next 
century must again leave enough 
resources available for the develop¬ 
ment of scientific and commercial 
payloads, and beyond that, hold its 
own against the competition in a 
slowly expanding world market. As a 

Spaceplane model on the SEP stand. 



result, the fol lowing criteria wil I be crit¬ 
ical to the system's success: Economy, 
Reliability and Flexibility. 

The aspect of economy has already 
been examined in detail. Beyond that, 
only reliable transporters will be 
accepted by a large customer group. 
Systems with high rates of failure will 
be uneconomical in any case. 

An advanced space transport sys¬ 
tem must meet various missjon 
requirements. Customers will not want 
to pay to send up a manned launcher to 
position a satellite in a geostationary 
orbit, for example. 

I would like to^-translate all the 
requirements placed on the European 
third-generation space transportation 
system into the following priority 
order: 

1. The specific payload costs for the 
transport of men and material into 
space should amount to at most 20 
per cent of the costs for the same 
mission with Ariane and Hermes. 

2. The development costs must be 
kept to a minimum, which would 
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-Japan Conducts Basic Research— 

In Japan a Spaceplane Committee has been set up by the Science and Technology 
Agency (STA) consisting of researchers in the space, aeronautics and other fields. 

It has been considering what type of spaceplane should be made, what the technical 
problems are and how development of a Japanese spaceplane should be promoted. 

Basic research is under way at the Institute of Space and Astronautical Science (ISAS), 
the National Aerospace Laboratory (NAL) and the National Space Development Agency of 
Japan (NASDA). 

To develop spaceplanes, in addition to research on elemental technology and improve¬ 
ment of testing equipment, demonstration technology will be launched using full-scale 
experimental vehicles, including ultrasonic manned flight experiment vehicles and unman- 
ned recovery experiment vehicles. _ 

Historical Perspective 


SPACEPLANES Nmm 

mean that proven technologies and 
those just starting to become availa¬ 
ble should be used. 

3. In terms of reliability and safety, the 
launcher system must be compara¬ 
ble to airliners. 

4. There must be no policy decision to 
pursue exclusively manned or exc¬ 
lusively unmanned space program¬ 
mes. The guideline to be applied in 
planning missions must be "un¬ 
manned whenever possible, man¬ 
ned only when necessary". 

5. The first-choice launching and land¬ 
ing sites are the largest European 
airports. The disadvantage of hav¬ 
ing to start and end missions in the 
vicinity of the equator should be 
overcome. 

Since space programmes were first 
begun, many technological and con¬ 
ceptual studies have been performed 
to achieve the above aims, generally 
with the emphasis of the investigations 
being placed on the key component, 
the engine. Different designs involving 
single or multiple-stage launchers are 
conceivable, but all proposed propul¬ 
sion systems are based on the same 
concept: in the denser layers of the 
atmosphere an air-breathing engine is 
used to accelerate to supersonic 
speeds, while a rocket engine is 
employed in the upper atmosphere 
and beyond to lift the launcher into 
orbit. 


In 1942 the space-systems pioneer 
Eugen Singer designed a rocket-pow¬ 
ered spacecraft that was intended to 
reach a, top speed of 5000 m/s with a 
payload of one tonne. His concept 
foresaw a horizontal launch aided by a 
rocket sled which would accelerate 
the spacecraft to a speed of 500 m/s. 
The spacecraft was then intended to 
climb aerodynamically and attain free 
flight in space. Prof. Sanger's idea 
involved the first single-stage reusable 
space launcher in the history of space 
technology. 

This fundamental work was con¬ 
tinued in the USA in the fifties by Wal¬ 
ter Dornberger, who designed a two- 
stage rocket-powered spacecraft. The 
first stage was propelled by an air-bre¬ 


athing engine and the supersonic 
glider was designed for speeds from 
Mach 10 to Mach 15 with a range of 
15,000 km. This was followed in the six¬ 
ties by a series of projects, most of 
which never got beyond the draft 
stage, such as a 1964 project by the 
ERNO and Nord Aviation companies 
for a two-stage, winged space trans¬ 
porter. The propulsion system for the 
first stage consisted of a combination 
of ramjet engines with 72 t of thrust, 
while the second stage was equipped 
with four rocket engines providing 351 
of thrust each. With a launch weight of 
300 t, the launcher was supposed to 
put 3 t of payload into a 300 km high 
orbit. The stages were intended to 
separate at a speed of Mach 7 at an 
altitude of 35 km. 

In Germany, too, the mid-sixties 
saw studies being performed by Jun¬ 
kers, Dornier and ERNO based on 
Eugen Sanger's concept of reusable 
launcher systems of two or more 
stages. One result of this work was a 
design with a supersonic rocket vehicle 
as the first stage and a rocket space¬ 
craft as the second to carry the payload 
into orbit. 

None of these projects, however, 
made it past the optimistic paper stage 
and the technical knowledge of the for¬ 
ties offered no possibility of realisa¬ 
tion. Twenty years later a break¬ 
through in the development of reusa¬ 
ble space transporters seemed close at 
hand since broad-based conceptional 
studies had been conducted in both the 
United States and Europe, butthenthe 
Saturn/Apollo programme channeled 
all efforts into the development of 
improved multiple-stage expendable 
rockets. Now, another 20 years later, 
the technological, financial and politi¬ 
cal prerequisites have been fulfilled 
and the time finally seems ripe to make 
reusable spacecraft. 

The United States and Great Britain 
have for some time been developing 
and havenow presented new concepts 
for the future generation of space 
transporters. 

The concepts of both countries 
depart from multiple-stage vehicles 
and propose single-stage systems cap¬ 
able of taking persons and payloads 
into a low-Earth orbit and con¬ 
sequently of operating, with an engine 
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SPACEPLANES 

r Company Outlines Low 
Cost Spaceplane Option 


The Teledyne Brown Engineering spaceplane is a concept for an 
unmanned space launch vehicle that could be built with current technol¬ 
ogy. Complete reuseability and engine-out capability would allow it to 
reliably carry several tons to low-Earth orbit and back at low cost. 


yet to be designed, at speeds up to 
Mach 25. 

Feasibility studies funded by the 
respective national space budgets are 
now being conducted on the NASP 
(National Aerospace Plane) project of 
the United States and the Hotol (Hori¬ 
zontal Take-off and Landing) project of 
Great Britain. Considerable impetus is 
being lent to the NASP project by the 
military, or more specifically by 
DARPA (the Defense Advance 
Research Project Agency) which is 
promoting the development of engine 
technology in particular. 

The' NASP development work 
entailing the most effort and expense 
is in the field of propulsion technology. 
What 'is needed is a combination 
engine covering the wide range of 
Mach speeds. In the lower speed range 
up to Mach 5 turbojet or subsonic ram¬ 
jet engines are required, but above 
these speeds another kind of engine 
must be used: either the supersonic 
combustion ramjet, known in the ver¬ 
nacular as a "scramjet" or a combina¬ 
tion of scramjetand scramrocket. 

In contrast to ramjets, scramjets do 
not slow the air to subsonic speed so 
that it can be used to burn.liquid hydro¬ 
gen, but burn the hydrogen in super¬ 
sonic streams at lower temperature. 
This dramatically increases engine effi¬ 
ciency. Although in principle it sounds 
simple, the problems involved in 
actual practice are just the opposite. 

So far, the UK has achieved the 
most significant publicity in presenting 
Hotol. 

Like the Aerospaceplane, Hotol is a 
single-stage, completely reusable 
transporter that is to take off from and 
land on airport runways. At launch the 
spacecraft is positioned on top of a trol¬ 
ley that accelerates the craft to its 
launch speed of 500 kph before releas¬ 
ing it. Plans foresee both a manned and 
an unmanned version of the transpor¬ 
ter with a payload capacity of seven 
tonnes (see Spaceflight, April 1986, 
p.147, January 1987, p.3 and June 
1987, p.224). 

The magic word in the Hotol project 
is LACE, which stands for Liquid Air 
Cycle Engine. In this type of engine, a 
heat-exchange unit using hydrogen as 
a medium is intended to cool the intake 
air to such an extent that its volume is 
drastically reduced. The cooled air is 
then pumped into the rocket combus¬ 
tion chamber where it oxidizes the hyd¬ 
rogen in the combustion process. 

The transporter carries liquid oxy¬ 
gen on board for the takeoff and trans- 
atmospheric phase of flight. When the 
spacecraft has reached a speed of 
Mach 5 to Mach 7 and an altitude of 26 
to 32 km, this oxygen is replaced by air. 
As a result of the savings in weight pro¬ 
vided by this substitution, the 
extremely lightweight engineering and 
the aerodynamic optimisation of 
supersonic flight, engineers expect to 
achieve a payload ratio of 3.5 per cent, 
that is to say, seven tonnes of payload 
with a take-off weight of 200 tonn.es. 


by Dan DeLong and Dr. Ernst Stuhlinger 


Introduction 

The unmanned vehicle would be 
air-launched from a modified Boeing 
747 and fly a lifting trajectory to orbit 
using cryogenic propellants. No exter¬ 
nal drop tanks or separable rocket 
boosters will be used and the projected 
payload capacity is 6,300 kg to a space 
station orbit or 4,000 kg to a low-polar 
orbit. 

Differences between this concept 
and previously proposed air-launched 
vehicles include its relatively high 
gross weight, its lifting trajectory, and 
its large initial thrust/weight ratio. 

The Teledyne spaceplane requires 
neither technological breakthroughs 
nor long development efforts. The 
engines for example, are currently in 
use on the US Space Shuttle and Cen¬ 
taur vehicles. Most of the structure 
could be built of aluminum and 
graphite epoxy, rather than the exotic 
materials required for other proposed 
reuseable space launch vehicles. 

This vehicle concept is an effort to 
identify a programme that can be 
undertaken immedi|tely to provide 
near-term launch services to low-Earth 
orbit (LEO). Unlike other similar vehicle 
concepts, this effort does not identify 
any technology development items; 
one of the tenets is that no technology 
development need be done in orderto 
build the system hardware. All major 
components and systems are based on 
currently available aerospace or com¬ 
mercial hardware. 

Within this context, all efforts were 
made to minimise the cost of launch¬ 
ing freight to LEO. Other missions and 
payload services were added only if 
they did not significantly detract from 


the business of low-cost freight haul¬ 
ing. 

Potential Uses 

Several uses were indentified for 
the near-term, first flights. These 
include launching of selected military 
payloads, standby for astronaut 
rescue, space station construction and 
resupply materials, and propellants for 
the Orbital Manoeuvring Vehicle 
(OMV) and perhaps the Orbital Trans¬ 
fer Vehicle (OTV). Materials processing 
systems, including free-flyers, could 
also be serviced by this vehicle. These 
early uses of the spaceplane are all of 
the type that require little or no flight 
insurance. Thus, the early flights need 
not necessarily pay the high insurance 
premiums that are associated with 
unproven systems with short track 
records. 

Later uses for the spaceplane 
include launching of commercial satel¬ 
lites up to the mass of a PAM D-11 sys¬ 
tem. Space station logistics modules 
or Spacelab modules could also be car¬ 
ried and transferred to and from the 
space station. These modules could be 
manned as design maturity and confi¬ 
dence are gained, or possibly as later, 
man-rated vehicles are built. Routine 
up-and-down transportation of space 
station crews could then be underta¬ 
ken. 

Other later uses include multiple 
launchings of large spacecraft for 
assembly at the space station; return 
of spent upper stages, such as a 
ground-based OTV, and return of dis¬ 
abled spacecraft. The Palapa and Wes- 
tar recoveries could have been per- 


Scale model of Teledyne spaceplane proposal as exhibited at this year's Paris Air Show. 
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formed by this spaceplane if the satel¬ 
lites had been herded to the space sta¬ 
tion by an OMV and prepared for return 
by an EVA astronaut. 

All these missions can be per¬ 
formed by a vehicle that is optimised 
for freight hauling. 

Configuration 

The unmanned spaceplane atop its 
first-stage launcher is shown in Fig. 1. 
All components are reusable; there is 
no drop tank or releasable rocket boos¬ 
ters. Hydrogen and oxygen are used 
for all propellants, including main 
propulsion, orbital manoeuvering sys¬ 
tem (OMS), reaction control system 
(RCS), fuel cell electric power, and hyd¬ 
raulic power for the aerodynamic sur¬ 
face actuators and for repressurisation 
of the main tank structure as the vehi¬ 
cle cools down after re-entry. Because 
all these systems use the same pair of 
propellants, residuals are kept to the 
irreducible minimum required by 
launch performance uncertainties. 

The vertical control surfaces in the 
winglets allow the RCS to be deacti¬ 
vated early in the descent, as the 
NASA/Langley Research Center has 
determined could be the case for a 
space shuttle orbiter outfitted with 

Fig. 2. Ascent profile. 


Cargo bay of the Teledyne 
spaceplane would be capable 
of handling shuttle-sized 
payloads. 


similar devices [1]. The OMS engines 
operate during ascent, so the mass of 
the OMS is included in the main prop¬ 
ulsion system mass, unlike the Space 
Transportation System (STS) orbiter. 

The wings are sized for reducing the 
planform loading during re-entry, but 
they are stressed to allow a large 
amount of lift during launch. Air- 
launched vehi<^es of this size have 
been proposed fn the past [2] but those 
vehicles were intended for military 
missions and, as such, did not 
maximise payload. 

Current Technology 

As mentioned before, one of the 
programme tenets is the assumption 
that no new technology will be used. 
The authors believe that the current 
state of the art is such that a commer¬ 
cially optimised vehicle can compete 
favourably in the marketplace. Not 



requiring technology development 
also allows programme costs to be 
more accurately estimated so that cost 
uncertainty can be low enough for 
commercially acceptable risks. 
Development time is also shorter, so 
that capital investment can be reco¬ 
vered more quickly. 

The second major tenet of this 
spaceplane concept is that it should be 
optimised for freight hauling. The 
space shuttle is badly hampered by its 
mandate to be all things to ail potential 
users. A flight crew is not required for 
freight-hauling missions and the shut¬ 
tle itself is nearly capable of going from 
launch pad to landing runway without 
crew attention. Adding crew only adds 
unnecessary mass. 

Modern military aircraft and, to a 
lesser extent, commercial aircraft are 
flown by the pilot telling the flight com¬ 
puters what to do. There is no longer 
any direct mechanical linkage between 
the pilot and the aero control surfaces 
so it is only a small step to put this 
"supervisor" role on the ground. If the 
spaceplane is to carry passengers, this 
pilot-supervisor can be placed in the 
pressurised capsule in the vehicle's 
cargo bay along with the passengers. 
Thus, the pressure vessel and life-sup- 
port equipment need only be carried 
when passengers are on board. 

The last tenet is that the maximum 
landing payload be the same as the 
maximum launch payload. This is 
necessary for aborted launches. 

Other design drivers, in addition to 
the above, include the carrying capac¬ 
ity of the Boeing 747 and the thrust of 
the spaceplane's main propulsion sys¬ 
tem. Main propulsion is provided by 
one Space Shuttle Main Engine 
(SSME) and six Pratt & Whitney RL-10 
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Fig. 3. Spaceplane Trajectory, Acceleration, and Altitude. 


engines. These provide a thrust-to- 
mass ratio of 1.45 at separation from 
the 747. 

Ascent Profile 

The ascent profile is depicted in Fig. 

2. The 747 takes off and climbs to the 
westto maximise the time availablefor 
a return-to-launch-site abort. The 
airplane then executes a maximum- 
performance climb'and does not loiter 
to pump propellants into the spacep¬ 
lane or to achieve orbit phasing. This is 
important because the airplane carries 
very little reserve fuel. When the 
airplane reaches 36,000 ft, it initiates a 
turn to the east, then pulls up to a 30 
degree trajectory angle. This pull-up 
manoeuvre cannot be done by a stan¬ 
dard 747; some form of thrust 
augmentation must be provided, pos¬ 
sibly by burning hydrogen in the turbo¬ 
fan's bypass duct [5], or by mounting 
eight military afterburning engines on 
the 747's wings instead of the four 
standard commercial ones. 

The spaceplane's auxiliary engines 
are started and throttled to 40 per cent 
thrust before separation from the car¬ 
rier airplane. This thrust is sufficient to 
overcome spaceplane drag, so the 
airplane need not be in a negative-g 
manoeuvre for separation. 

After separation, the SSME is 
started and the RL-10's are-throttled up 
to 100 per cent thrust. Fig. 3 shows 
spaceplane thrust, .acceleration, 
altitude and velocity during its 5.5 
minute engine burn. 

At engine cutoff, the spaceplane is 
at the perigee of an 80 by 400 km orbit. 
A short burn is sufficient to circularise 
at the higher altitude. To maintain an 
acceleration level of less than 3.5 g, the 
SSME must be shut down approxi¬ 
mately four minutes after separation, 
as it cannot be throttled to any arbitrar¬ 
ily low thrust level. Initial thrust/mass 
ratio of the spaceplane is 1.45, in order 
to minimise the gravity losses 
associated with lower thrust. 


It must be emphasised that this veh¬ 
icle flies a lifting trajectory and as a 
result receives a significant payload 
increase. During the initial pull-up from 
three to 10 degree angle of attack, the 
acceleration and trajectory angle actu¬ 
ally decrease (this is also due in part to 
passing Mach 1, where lift and drag 
coefficients change significantly). 

Return from orbit is similar to the 
space shuttle, except that planform 
loading is sufficiently low that metal 
skins may be adequate without insulat- 
ing tiles. Planform area is nearly as 
large as the shuttle, but vehicle mass 
will be much less because; 

1. It is unmanned, with no crew cabin, 
middeck, or life-support systems. 

2. It is designed to carry only a 15,0001b 
payload, compared with the STS 
65,000 lb structural design. 

3. The structure is simpler, with 50 per 
cent of the fuselage length being pres¬ 
surised, load-bearing tankage. Also, 
the landing gear need support only 
one-third the shuttle's weight, max Q is 
much less, and vibration during launch 


is much less. 

4. The engines are lighter. It has only 
one SSME, and the auxiliary engines 
are used for both main propulsion and 
orbital manoeuvring. 

5. Recently available materials are 
stronger and lighter. Graphite/epoxy 
and aluminum/lithium can be "used 
extensively. 

6. There are fewer fluid systems and 
payload services. No ammonia, freon, 
hydrazine, methyl hydrazine, nitrogen 
tetroxide or nitrogen systems are 
incorporated. 

7. Newer technology avionics are 
much smaller and lighter. Electric 
power levels will be lower without the 
crew and payload services. 

8. The vehicle will always be handled 
horizontally. No structural provisions 
need to be made for vertical ground 
processing. 

Characteristics and Systems 

Planform and payload bay sections 
of the proposed spaceplane are shown 
in Figs. 4 and 5. Efforts have been made 
to place discretionary equipment in the 


Fig. 4. Planform layout. 
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Fig. 5. Payload bay section. 

nose of the vehicle so that the dry 
centre of gravity is near the centre of 
the payload bay. This will allow the 
vehicle to be aerodynamically stable 
with either a full or empty payload bay. 
The thermal radiator is located forward 
of the fuselage, near the heat-produc¬ 
ing equipment. Thus, the payload bay 
doors need not be opened before the 
payload customer requests such oper¬ 
ation. Further aerodynamic studies 
may show the desirability of using the 
same surfaces as radiators and canard 
control surfaces. 

Payload structural interfaces are 
identical to those in the shuttle so that 
payloads designed for launch on the 
shuttle need not be redesigned for 
flight on this vehicle. Fig. 5 also shows 
a typical shuttle partial payload in the 
payload bay. 

System Reliability 

The staging techniques and winged 
configuration allow greater reliability 
than other vehicle systems. There have 
been six failures of major launch vehi¬ 
cles in the past two years, comprising 
two Ariane accidents, two Titan fai¬ 
lures, and one each for the shuttle and 
Delta. 

If the same component failures are 
stipulated in this spaceplane launch 
system, in no case is there any loss of 
hardware or crew. Two of the six fai¬ 
lures were caused by solid rocket boos¬ 
ter (SRB) explosions, and this system 
has no SRBs. The other four resulted 
from engine start failure or premature 
shutdown. A failure of this type, 
depending on which enginefailed, and 
when, would result in the jettison of 
fuel and return of the spaceplane to 
land, either on the 747 carrier or as a 
glider. 

Comparison with Similar Proposals 

Many readers will notice that this 
spaceplane resembles others previ- 

Dan Delong is a principal engineer for Teledyne 
Brown Engineering, working on low-acceleration 
aspects of the orbital environment. 

Dr. Ernst Stuhlinger is a consulting scientist for 
Teledyne Brown Engineering. 


ously proposed, particularly the Pratt & 
Whitney/Boeing transatmospheric 
vehicle (TAV), and a similar concept 
done by Rockwell International [4], 

However, it is important to bear in 
mind that those studies were not 
optimised for freight hauling. All were 
presented to a military customer and, 
as such, had system features that seri¬ 
ously detracted from payload carrying 
capabilities. Two of them were clearly 
stated to be technology development 
identification , studies, rather than 
attempts to optimise the performance 
of current technology. The vehicle 
proposed by the authors of this article 
owes its relatively large payload lift 
capability at low cost to its optimisa¬ 
tion for that job, with other reqire- 
ments held to be secondary. 

The Next Step 

The vehicle launch trajectory pre¬ 
sented here was optimised by a com¬ 
puter program written by the authors. 
This program needs to be verified by 
comparison with an industry-accepted 
standard such as the POST program. 
Also, more detailed work, including 
stress analysis, needs to be done to 
carry the mass properties breakdown 
to a better level of detail. 

Teledyne is currently looking for 
seed money from the US government 
to lend credibility to the concept, and 
also to more accurately determine per¬ 
formance and cost estimates. The 
intent is to then solicit commercial 
partners to build and operate the vehi¬ 
cle. To date, the company has pre¬ 
sented its plans to NASA Marshall, 
NASA Langley, NASA Headquarters, 
the SDI organisation and Boeing. 
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When the Space Shuttle Enter¬ 
prise touched down on the dry 
lakebed at Edwards Air Force Base on 
October 12, 1977, concluding the 
fourth Approach and Landing Test, it 
was almost 30 years to the day since 
Charles ("Chuck") Yeager made the 
world's first supersonic flight at the 
desert site. The milestone event was 
the first in a series of aeronautical 
breakthroughs that eventually led to 
a functional (albeit temporarily 
grounded) Space Transportation 
System some 40 years later. 

Rocket Ships in the Desert 

The orbiter Enterprise, with astronauts 
Joe Engle and Richard Truly aboard, was 
borne aloft and released for the glide tests 
from the back of a converted Boeing 747 
jet. Three decades earlier, on October 14, 

1947, a modified Boeing B-29 bomber took 
off from Edwards (then known as Muroc 
Field) carrying a tiny experimental aircraft 
in the bomb bay called the Bell X-1 rocket 
plane. At the controls of the X-1 was 24- 
year old Air Force Captain Charles E. 

Yeager, who was about to attempt man¬ 
kind's first flight at supersonic velocity - 
faster than the speed of sound. - 

Sound energy travels at a rate of speed 
1,220 kph at sea level and steadily 
decreases as the temperaturae falls with 
increasing altitude. The speed of sound is 
known as Mach 1 in recognition of the 
early studiesof supersonic phenomena by 
the German physicist Ernst Mach in the 
nineteenth century. 

Many engineers were convinced that 
the speed of sound represented an actual 
physical barrier through which no aircraft 
could safely pass. Predictions that an air¬ 
craft would become uncontrollable at 
Mach 1 due to compression of the airflow 
over the wings did notfrighten the person¬ 
nel of the X-1 project. Chuck Yeager was 
willing to risk his life to prove that flying at 
supersonic speeds was not only feasible 
but survivable as well. 

The Bell X-1 

Sporting a bright orange paint job to 
enhance visibility, the needle-nosed X-1 
was a mere 9.1 m long (it would be swal- 

Gen. Charles E. Yeager as he appeared in the early 1950 
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lowed up in the Shuttle's cavernous cargo 
bay) and massed 6,129 kg with a full fuel 
load. Yeager always named the airplanes 
that heflew after his wife to bring him luck, 
and the X-1 also bore the legend "Glamor¬ 
ous Glennis", prominently displayed 
upon the nose. 

The feeble jet engines of the day were 
not yet capable of achieving supersonic 
velocities, so Bell Aircraft installed a pow¬ 
erful Reaction Motors XLR-11 rocket 
engine in the X-1, the same powerplant 
that propelled the hypersonic X-15 on its 
initial flights 12 years later. The four cham¬ 
bered XLR-11 burned liquid oxygen and 
alcohol/water propellants and developed 
a total thrust of 26,880 Newtons. 

Captain Yeager was protected during 
each flight by the first primitive high 
altitude pressure suit specifically 
developed for the X-1 project by the David 
Clark Company. Crash helmets had notyet 
been invented, so the pilot improvised by 
fitting the hard-shell head gear worn by 
tank crews over his leather flying helmet 
and oxygen mask. Unlike today there were 
no backups for critical mechanical sys¬ 
tems, and an emergency landing in the X- 
1 was the only escape option available 
because there was no ejection seat. 

Twenty Seconds at Mach 1 

Boarding the rocket plane after the B- 
29 was safely aloft, Yaeger faced a poten¬ 
tially serious situation. The pilot required 
the use of his right arm to secure the 
hatch, but Yeager's right arm was practi¬ 
cally immobilised as a result of two broken 
ribs suffered in a riding accident. Captain 
Yeager managed to produce enough 
leverage to seal the hatch by using his left 
arm and a section of broom handle that he 
had hidden in the cramped cockpit. 

After an uneventful pre-launch check¬ 
out, the rocket plane dropped away from 
the B-29 at 10:26 am to begin Yeager's 
ninth powered flight in the X-1. Just four 
days earlier Yeager came tantalisingly 
close to flying supersonic when he 
reached atop speed of Mach 0.997. 

With two rocket chambers firing, the X- 
1 streaked skyward at a 45 degree angle 
and rapidly outpaced the two P-80 chase 
planes. The X-1 continued accelerating as 
the severe buffeting and loss of 


s, posing in front of the advanced X-1A rocket plane. 

USAF 





The needle-nosed configuration of the X-1 roc¬ 
ket plane was derived from the shape of a 50- 
calibre machine gun bullet. USAF 

aerodynamic control experienced on pre- 
vious flights began to appear at Mach 0.7. 

Noting a small oxygen pressure drop, 
Yeager briefly cut off two of the fou r cham¬ 
bers until the pressure returned to normal. 
One chamber was re-ignited, and at Mach 
0.96 the buffeting began to diminish and 
aerodynamic control gradually returned. 
The machmeter crept dteadily forward to 
0.98, then suddenly moved right off scale. 

Without a ripple the X-1 had passed 
through the dreaded ‘sound barrier’ and 
achieved a final velocity of Mach 1.06 
(about 1,125 kph). At the peak altitude of 
13,100 m Captain Yeager was practically 
on the edge of space. The sky darkened 
and the Moon and stars became visible in 
the daylight. 

The historic first sonic boom reverber¬ 
ated above the tiny desert community of 
Victorville to herald the dawning of a new 
era in aviation. Thirty-four years later 
another sonic boom over the desert would 
announce the return of the first rocket- 
powered aircraft from orbit: the Space 
Shuttle Columbia. 

The 14 minute flight of the X-1 con¬ 
cluded with a perfect dead-stick (without 
power) landing on the dry lakebed, just as 
the Space Shuttle was destined to perform 
there three decades later. Perhaps the 
supersonic flight of the X-1 helped rein¬ 
force the opinon of early space visionaries 
that winged re-entry vehicles were the 
only practicable means of returning from 
orbit (witness the ill-fated Dyna-Soar orbi¬ 
tal glider of the 1960's). Only after three 
generations of ballistic return capsules 
were flown by NASA was the Space Shut¬ 
tle able to prove that the visionaries were 
right. 

R«erarasa 
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The January 1985 Ministerial Council of ESA Member States defined ambitious 
plans that aimed to make Europe a major space power. At the follow-on meeting in 
November 1987 these plans were up for ratification. The UK's signalled withdrawal 
from at least two major ESA projects, Ariane 5 and Hermes, has received much public¬ 
ity but is unlikely to affect ESA's intentions. 

In addition to ESA, many national and international organisations contribute to 
Europe's overall space activity, the scale of which over the next ten years has been 
analysed by Theo Pirard from a financial viewpoint. His report discloses that as well 
as the upcoming major ESA projects, which so readily make the headlines, a large 
part of European spaqe activity will involve science and applications sponsored by a 
diversity of national and international organisations. 

European Space 

Business, 1987-1996 

Europe's International Activity 

Some 150 to 200 spacecraft will be agement and operations of the Eutel- strong national effort in space science 
launched by Europe and developed sat II systemand technology and are operating or 
with significant participation by Euro- preparing to operate domestic space 

peanindustryduringthenexttenyears • Eutelsat II expenditure (four to systems having applications to mainly 

according to actual plans and projects eight satellites) 500 MAU (2%) communications and broadcasting, 

in hand. The total expenditure to be 

made by European States in interna- The Eumetsat Organisation for the France in space technology has 

tional projects involving the prepara- exploitation in Europe of meteorologi- been represented since 1962 by CNES 

tion and development of satellites, cal satellites (with. 16 Member Statesas (Centre National d'Etudes Spatiales) 

orbital payloads, launch systems, shareholders) will use ESA services to which had a budget approaching 1,000 

spacecraft for science, technology and operate its "first-generation" weather MAU in 1987 and is supporting a quar- 

applications will be at least 25 billion satellites, or Meteosat Operational ter of the ESA budget. Its space prog¬ 
accounting units (AU) for the period Programme (MOP); during the 1990's, ramme is especially complete, from 

1987-1996. it plans to continue operations with technology development to transpor- 

The European Space Agency (with advanced "second-generation" space- tation marketing and applications 

13 Member States, one Associate craft. commercialisation. Outside of its sig- 

Member and one Cooperating State) , The Inmarsat Organisation for nificantly strong contribution to ESA 

has a leading role to organise, manage global maritime satellite communica- programmes, CNES is largely favour- 

and develop innovative and ambitious tions - to be extended to aeronautical ing original applications and interna- 

space systems. The following data services in the near future - (with 48 tional cooperation with the USSR and 

show the percentage of the total national shareholders) is leasing two USA. Military space activities also find 

expenditure taken up by each item: ESA Marecs spacecraft for Atlantic and place inthe French programme. 

Pacific traffics; ESA is using Marecs 

0 Main programmes (Ariane 5/Col- capacity for tests of mobile satellite • Commercial and industrial applica- 

umbus/Hermes) 12,000 MAU services in the framework of the Pro- tions (Telecom I/ll, Spot system, 

(48%) dat/Promar programme. For the In mar- TDF-1/-2 for DBS, CLS/Argos, Sar- 

• Science & Technology (from Hip- sat II generation spacecraft, the organi- sat) 2,000 MAU (8%). 

parcos to Cluster, from Olympus to sation contracted a European prime • Worldwide cooperating ventures 

PSDE, from Meteosat to ERS-2, contractor, British Aerospace (as- (manned spaceflights, interplanet- 

from Spacelab to Eureca, plus sociated with Matra), for an initial ary probes, Topex/PoseidOn) 250 

international ventures) 4,500 MAU batch of three satellites, plus options MAU (1%). 

(18%) for a further six spacecraft with some • Military space systems (Syracuse, 

9 Data Relay System for European improvements for aeronautical links Helios) 1,000 MAU (4%). 

spacecraft (DRS) 500 MAU (2%) (Inmarsat IIA). The Inmarsat II purch¬ 
ase can represent business for Euro- Total 3,250 MAU (13%) 

Total 17,000 MAU (68%) pean industry of up to 250 MAU, 

including launch operations. _ Germany is organising its space 

The Eutelsat Organisation for Euro- policy through the Federal Ministry for 

pean telecommunications satellites National Roles Research and Technology (BMFT), 

(with 26 national shareholders in Five European countries have the with responsibilities given to the Ger- 

Europe) is using ESA services for the industrial capacity required to be man Aerospace Institute (DFVLR). 

ECS or Eutelsat I system; however, it is prime contractors for space systems. 

fully resposible for the purchase, man- Until now, they have supported a 9 Research and Technology mis- 
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sions based on the utilization of the 
NASASpaceShuttle (Spacelab D2, 
Astro-SPAS, DOM-SPAS, Eurecaj 
and on the cooperation with NASA 
(Rosat, Galileo, GRO) 600 MAU 
(2.5%). 

• Domestic applications spacecraft, 
with communications and broad¬ 
casting systems (Kopernikus/DFS, 
TV-Sat) 1,000 MAU (4%). 

Total 1,600 MAU (6.5%) 

Italy has a regularly updated 
National Space Plan (PSN) under the 
management of CNR (Consiglio 
Nazionale delle Ricerche). It has 
recently announced plans to establish 
a national space agency or ASI (Agen- 
zia Spaziale Italiana). 

• Science and Technology space 
systems (IRAS, Lageous 2, TSS, 
SAX, and UT-X, with NASA 400 
MAU (1.5%). 

• Communications and Broadcast¬ 
ing satellites (Italsat, SARIT or SIC- 
RAL/Argo) 300 MAU (1.2%). 

Total 700 MAU (2.7%) 

The United Kingdom space industry 
has much know-how in space applica¬ 
tions, particularly in communications 
and remote sensing systems. How¬ 
ever, because of budgetary restric¬ 
tions, it has lost opportunities for space 
technology development. The British 
National Space Centre (BNSC) was set 
up in November 1985 as a focus for 
British space policy. BNSC's task was 
to formulate and implement a National 
Space Plan, covering domestic prog¬ 
rammes and UK's participation in ESA 
but its implementation suffered a seri¬ 
ous setback in August when the Gov¬ 
ernment decided that expenditue 
would not be increased. 

0 Space applications for civilian pur¬ 
poses (Canadian Radarsat, TSS/ 
CERS,) 150 MAU? (0.6%). 

0 Military spacecraft (Skynet IV/ 
NATO IV) 500 -1,000 MAU (2 - 4%). 

Tota 1650 -1,150 MAU ? (2.6 - 4.6%) 

Sweden and its aerospace/elec¬ 
tronics industries are represented in 
space by the Swedish Space Corpora¬ 
tion (SSC), a state-owned limited cor¬ 
poration since 1961 under the Ministry 
of Industry. It operates the Nordic 
Esrange facilities to launch sounding 
rockets and track satellites, and to col¬ 
lect data from remote sensing spacec¬ 
raft. It manages the Swedish contribu¬ 
tion to ESA and Swedish cooperation 
with France and USA. For Televerket, 
the Swedish PTT administration, it is 
developing the Tele-X system for com¬ 
munications and broadcasts. With 
China, it is preparing the Mailstar pro¬ 
ject. 


0 Swedish investment to cover 
national space systems (Tele-X, 
Mailstar) 300 MAU (1.2%). 

Commercial and Other Activities 

In Europe, the commercialisation of 
space systems is coming from the 
French CNES with governmental sup¬ 
port: 

• Arianespace (space transportation 
sevices) operates a family of 
launch vehicles developed with 
public funding through ESA and 
CNES 5,000 MAU (20%). 

• SPOT Image (remote sensing from 
space) using the Spot spacecraft 
developed with public investments 
from France (CNES), Sweden 
(SSC) and Belgium (SPPS/SPO) 
500 MAU (2%). 

• Other commercial operators of 
space applications (CLS/Argos for 
data collection. Telespace and 
Locstar companies respectively for 
direct TV broadcasts and for 
radiodetermination services) 500 
MAU (2%). 

For satellite communications and 
TV broadcasts, the public PTT 
administrations are investors and 
operators of space systems for reg¬ 
ional and domestic purposes: 

• Eutelsat, exploiting the Eutelsat I 
system and preparing the Eutelsat 
II system, studying the Europesat 
DBS project. 500JVIAU (2 %) 

• French DGT (Direction Generale 
des Telecommunications), operat¬ 
ing the Telecom I system, design- 
ingtheTelecom II system500MAU 
(2 %). 

• The German Bundespost, resonsi- 
ble for the management and oper¬ 
ations of the national TV-Sat sys¬ 
tem and of the Kopernikus/DFS 
system 900 MAU (3.6 %). 

• The Italian Telespazio, developing 
the Italsat system and studying the 
SARIT project for DBS operations 
200 MAU (0.8%). 

• Scandinavian Notelsat (with 
Swedish and Norvegian PTT's as 
shareholders) operating theTele-X 
spacecraft 250 MAU (1 %). 

Europe's private enterprise in space 
applications in taking off cautiously 
with satellite technology imported 
from US industry. Does this fact mean 
that European space industry is unable 
to fulfil the precise requirements of a 
private company which operates for 
profit. Private requirements in space 
technology are marketing flexibility, 
satellite reliability and delivery/launch 
punctuality. There are now two com¬ 
pletely private ventures in Europe - 
just agreed by the relevant govern¬ 
ment authorities - that are seriously 
developing their satellite systems for 


TV broadcasts from space: 

• The Luxembourg Astra system, 
managed and operated by the SES 
(Societe Europeenne des Satel¬ 
lites) company, developed with 
RCA/GE Astro Space communica¬ 
tions satellite for up to 16 TV chan¬ 
nels (medium-power broadcasts) 
180 MAU (0.7%). 

• The British Satellite Broadcasting 
consortium, formed by many 
broadcasters and electronics man¬ 
ufacturers, obtained the IBA 
franchise to operate three DBS 
channels for 15 years, contracting 
Hughes and McDonnell Douglas 
for two high-powerful TV spacec¬ 
raft (direct reception signals). 400 
MAU (1.6%). 

In the next five years until the end of 
this decade, a European "star wars" 
will break out between the state- 
owned TV-Sat (Germany) and TDF-1 
(France), the privately-funded Astra- 
SES (Luxembourg) and BSB (United 
Kingdom), and the public Eutelsat II 
system (European PTT's). This battle 
over Europe will be more audiovisual 
than technical: European TV viewers 
will decide the winner according to the 
most attractive programmes. 

The military aspects of space sys¬ 
tems are just burgeoning in two Euro¬ 
pean countries and are stimulating 
both political and industrial activity in 
Europe: 

• The French Ministry of Defence is 
operating the Syracuse I communi¬ 
cations satellite system, develop¬ 
ing the improved Syracuse II sys¬ 
tem and the Helios spy-satellite 
family for the 1990's. 1,000 MAU (4 
%). 

• The British Ministry of Defence is 
preparing the Skynet IV communi¬ 
cations satellite system and prom¬ 
oting the Nato IV communications 
satellite system. 500-1,000 MAU ? 
(2-4%). 

In summary, practical applications 
related to space systems in Europe 
have the following breakdown: 

• French-CNES initiated commercial 
ventures. 6,000 MAU (24 %). 

• Public-funded communications- 
TV networks. 2,350 MAU (9.4 %). 

0 Private-owned enterprises for TV 
broadcasts. 580 MAU (2.3 %). 

• Governmental military spacecraft. 
1,500 MAU (6 %). 

Total 10,430 MAU (41.7 %). 

In the near-term future, new initia¬ 
tives for the exploitation of space appli¬ 
cations, with the prospects of econom¬ 
ical or strategic benefits, may appear. It 
is quite possible that 50 per cent of 
European investments in space sys¬ 
tems during the next decade will be 
made for commercial, private and 
military activities. 
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INSURING 

Space Technology 


by Bernard Goudge 


The alleged lack of space 
insurance capacity is often said to 
be the inhibiting factor hindering 
the development of commercial 
activity in space, resulting in calls 
for Government intervention in 
the space insurance process and 
proposals from industry and 
launch agencies for so-called self 
insurance schemes to meet the 
current short fall in financial 
security required by present and 
future commercial space ventures. 
Can such proposals provide a long 
term risk strategy for such 
ventures, and is the alleged 
capacity crisis more apparent than 
reai? 


Lift-off of Ariane mission V19. 

Rarely, if ever, can a new class of 
insurance business have had such an 
optimistic birth, a turbulent childhood, 
and a subsequent problematical life 
expectancy, as has space insurance. 

Lustily conceived in the halcyon 
days of the 1970's, weaned on the 
euphoria of the successful Apollo 
missions, nurtured on the promise of 
the US space shuttle and fed an 
apparently rich dollar diet, the infant 
business looked certain to enjoy a 
thriving growth to a tall and strong 
financial maturity. 

But the events of the early 1980's 
were to deny this expected life style. 

This article is based on a presentation to the International Bar 
Association, September 17, 1987, London. UK. 


The resulting appalling financial 
results for the insurers overall are well 
known. The numbers flowing from the 
various failures and their resulting 
losses have been the subject of 
constant and continuing intense 
scrutiny by all the parties involved. 
They have been analysed, dissected, 
construed, misconstrued, explained, 
denied, accepted, rejected, and made 
the subject of endless commentary, 
interpretation and prognostication. At 
one time, the appearance of space 
'technicians' and 'expert advisors' 
seemed to be a major growth industry 
in the insurance markets! 

By the end of 1984 individual and 
corporate perceptions of the situation 


Arianespace 

seemed to vary in direct proportion to 
the perceiver's financial involvement 
(or lack of involvement) in the evolving 
overall failure scenario. These 
perceptions also appeared to be 
coloured by the viewing angles, which 
produced differing conclusions from 
the same data, base depending upon 
whether the viewer was an insured 
user, a launch vehicle or spacecraft 
manufacturer, a launch agency, 
insurance broker or space underwriter. 
However, whatever the underlying 
reasons, one salient fact was not in 
dispute - the underwriters had 
collectively bet their shirt-and lost! 

But has all this analysis, application 
of hindsight and soul searching 
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Worldwide capacity for satellite launch insurance is now some 60 per cent less than at the time of the 
above picture, taken in August 1984 prior to the launch of Discovery on mission 41-D. NASA 


produced any tangible positive results 
in evolving a long term strategy for the 
development of a stable space 
insurance market with sufficient 
capacity to meet the needs of those 
embarking upon commercial ventures 
in space to the end of the century-and 
beyond? 

In 1982 it had been possible to place 
up to US$ 250,000,000 launch 
insurance for any one launch. By the 
end of 1984 this capacity had dropped 
to not more than an estimated US$ 
90,000,000 for any one launch, 
remaining at around this figure for 
1987. Thus, whatever market stability 
has been achieved, the price has been 
the loss of some 64 per cent of the 
launch capacity which previously 
existed. 

The Shuttle Launch Services 
Agreement liability facility when first 
placed had a limit of US$ 750,000,000 
for any one occurrence: Now it is not 
possible to obtain more than US$ 
300,000,000 for the same type of 
coverage, again, a loss of some 60 per 
cent of the previous capacity. 

Against this background, certain 
events occurred which were to further 
influence the position. First, the tragic 
loss of Challenger on January'28,1986, 
followed by the failure of Ariane VI8 on 
May 31, 1986, the loss of a Titan on 
April 18, 1986, a Delta on May3,1986, 
and an Atlas on March 26,1987. 

The resulting grounding of the 
Western world's major launch vehicles 
and the virtual withdrawal of the US 
shuttle from future commercial 
spacecraft launches provided not only 
an imposed pause for serious 
reconsideration of all aspects of 
operations in space, but also gave rise 
to the second major debate which was 
to influence the provision of space 
insurance, particularly for spacecraft 
launch and commissioning risks. 

The second debate concerned the 
arguments fo^ and against the 
provision of expendable launch 
vehicles by commercial undertakings, 
instead of government agencies such 
as NASA. 

As this debate progressed, it was 
possible to detect some apparently 
curious anomalies in the arguments 
advanced to support the various 
approaches suggested by some of the 
parties concerned in seeking solutions 
to the various aspects of the overall 
problems. 

The shuttle failure in particular 
precipitated an on-going consideration 
as to the development direction in 
which commercial private enterprise 
launch capability in the United States 
should proceed, as well as 
demonstrating previously unknown 
and undetected flaws in the 
Government space agency 
infrastructure and operations. 
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Arising from this overall debate, it 
was possible to detect two distinct 
lines of approach to the question of 
insurance, having regard to the 
reduced capacity, increased pricing 
and the general tightening of terms 
and conditions. 

The first favoured the relaunch 
guarantee, retained risk,self-insurance 
or mutual type of approach. The 
second approach advocated 
Government intervention - in- other 
words, the use of tax-payers' dollars as 
insurance of "last resert". This second 
approach was given voice in 1986 
before the Sub-Committee on Space 
Science and Applications of the 
Science and Technology Committee of 
the United - States House of 
Representatives, when' significant 
speakers from Ford Aerospace and 
Communications Corporation, the 
Space and Communications Group of 
Hughes Aircraft Company, Martin 
Marietta, General Dynamics. 
McDonnell Douglas Astronautics, 
Transpace Carriers and American 
Rocket Company advanced their 
views. 

The hearings were primarily 
concerned with the presentation of 
views and suggestions as to how best 
to deal with the so-called launch 
vehicle crisis and, given the 
withdrawal of the shuttle from the 
commercial satellite launch role, what 
could be done to establish private 
enterprise commercial launch 
capability, and what should be the 
launch vehicle 'mix' to achieve this? 

Whilst much of the presentations 
centred around the desirability or 
otherwise of continuing to depend 
upon vehicles which in some instances 
represent 25 year old technology 
versus the need to develop new 
vehicles with new technology, there 


was general concensus upon one key 
issue, namely, the need to remove 
Government from the commercial 
launch process^, and for a realistic 
pricing structure for launch services to 
eliminate 'unfair' Government subsidy 
advantages. 

' Government intervention in the 
commercial market place is seen as 
inhibiting, producing artificial 
conditions which often deny reality, 
and subsidy is a means of prolonging 
such unreality] to the detriment of 
required solutions to the underlying 
problems once they are fully manifest 
and understood. 

Proposals for retained or mutual 
type insurance usually arise as a 
response to increased premiums and 
restricted terms for a section of 
business which has proved 
unprofitable to the insurers over a 
period of years, during which the 
insured population has, for whatever 
reasons, enjoyed the benefits of a soft 
market. 

Some measure of retained risk is an 
accepted way by which individual 
organisations seek to reduce 
premiums payable, and would 
normally be related to the 
organisation's financial capacity to 
economically withstand the retained 
loss, if the need arises. 

It can rarely, if ever, be a long term 
solution to the fundamental financial 
future requirements of a whole 
industry, particularly one which is 
committed to ever increasing 
investment on a long term basis in a 
high risk business. 

Self insurance and mutualisation 
programmes usually proceed from a 
belief that those participating will 
somehow enjoy a better loss 
experience than the underwriters who 
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New High Power Communications 


are requiring increased premiums, as a 
result of the previous loss experience 
of the same group. There is surely an 
element of self delusion and fallacy 

Third Eutelsat 
Satellite Now 
Operational 

The third satellite of the 
European Telecommunications 
Satellite Organisation (Eutelsat), 
which has 26 member states, 
entered service over Europe on 
November 1,1987. 

ECS-4, like the other first- 
generation satellites of the Eutelsat 
network, was built and launched 
under the responsability of the 
European Space Agency (ESA). 
Launched by Ariane on September 
16, it underwent successful in-orbit 
testing during October before 
formal acceptance by Eutelsat. The 
satellite is now called Eutelsat I-F4. 

Stationed at 10 degrees East, 
eight of the satellite's transponders 
will be transmitting national and 
international television 

programmes, as well as Danish 
national telecommunications. 

Eutelsat now has three 
operational satellites in orbit, with 
a total capacity of over 27 
transponders. Its next satellite will 
be launched in 1988 and will come 
into operation in the autumn. 


here? In any event, however much self 
insurance or mutualisation occurs, at 
the end of the day comes the 
realisation that there has at all times to 
be sufficient funds to pay for the 
inevitable losses. It may be comforting 
to have a low percentage rate for 
premium purposes, but claims’arise in 
dollars, not in percentages! 

Over the past year we have moved 
from the position where Arianespace 
was the only launch agency offering 
relaunch insurance, to a situation 
whereby virtually all the major launch 
vehicle manufacturers and launch 
agencies, real or potential, are 
including some form of launch 
insurance as a contractual option to 
users. Almost all of these schemes are 
said to be in response to the alleged 
capacity and price problem in the 
insurance markets, and are offered at 
prices considerably below those 
currently quoted by space 
underwriters - although it has to be 
said that the coverage may well differ 
between the two sources. 

The Soviet Union and The People's 
Republic of China are now also making 
serious efforts to enter the 
international commercial launch 
market, and are using State insurance 
institutions as the vehicle for launch 
insurance packages. 

Finally, therd is the Space Mutual 
Insurance Association (Bermuda) 
which is said to be the first insurance 
group driven directly by user launch 
insurance concerns, and designed to 
insure satellite users launching on 


Ariane rockets on a mutual basis - 
again with the objective of achieving 
cost reductions over market rates. 

It is becoming'increasingly difficult 
to escape a conclusion that a situation 
is now developing where choice of 
launch vehicle by a satellite operator 
may not only be governed by its timely 
and reliable availability, and its 
suitability for the proposed mission, 
but is now in danger of being 
influenced bythe availability of alleged 
cheap insurance packages. 

Insurance, therefore, from being the 
means whereby the financial risk is 
extracted from commercial space 
ventures, becomes simply a marketing 
tool in the competition to sell hardware 
and services. 

Its use as a marketing tactic in such 
circumstances is understandable, but 
what of this tactic in a strategic risk 
management context? All of these 
schemes are said to be founded in an 
alleged need to generate capacity for 
launch insurance at a price the 
customer is willing to afford and as an 
answer to the insurance markets' 
allege inability to do so. Yet all rely in 
the end for their continuation upon 
capacity from the existing markets by 
way of reinsurance. Even the insurance 
companies of the Soviet Union and the 
People's Republic of China may well 
look to the international insurance 
markets for reinsurance support. Little,, 
if any, new capacity is generated by 
this means, and any proposal that 
takes premium from the regular space 
market simply delays the required 
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market development and stabilisation. 

Long term solutions to the so-called 
capacity problem will not be found by 
disparate ulilateral approaches heavily 
biased towards short term commercial 
advantage. 

It is highly doubtful that the 'one 
failure deductible' provision which 
appears to be a feature of most of the 
schemes previously mentioned will do* 
very much to restore confidence 
expectations to previous levels and 
beyond, when what the insurers are 
really looking for is evidence of 
improved quality and reliability in the 
products and technology, what steps 
the manufacturers and launch 
agencies are taking to achieve this, and 
when and to what extent 
improvements in success ratios may 
be expected. 

In the United States, an end to the 
seeming continuing vacillation within 
the Administration over future space 
policy would undoubtedly assist the 
process. 

It is readily apparent that the space 
industry is fighting hard to recover 
from a series of disasters, and is 
seeking new directions and 
philosophies to bring the overall space 
programme back on course. It is 
absolutely vital that for the sake of so- 
called short term solutions, 
international space insurers should not 
feel alienated from this process, but 
should be considered an integral part 
of the overall strategic approach at all 
stages. 


Satellite 


Hughes Aircraft Company is to develop 
a new body-stabilised satellite-the HS 601 
- to meet high-power communications 
needs into the 21st Century. The first of the 
new line is expected to be ready for service 
by 1991. 

Hughes Aircraft Company, a unit of GM 
Hughes Electronics, is predicting an 
increase in satellite communication 
applications requiring spacecraft 
generation power levels as high as 6,000 
watts, in both commercial and government 
markets. A medium-sized satellite of today 
generates about 1000 watts. 

Such applications include broadcasting 
television programmes directly into homes 
through antennae one foot in diameter; 
two-way mobile communications to cars, 
trucks, trains and aircraft; and private 
business communications networks 
through very small aperture terminals 
(VS AT). 

The HS 601 represents Hughes first 
production body-stabilised (three axis) 
satellite. 

While certain versions of the HS 601 
could measure 85 feet across the two solar 
arrays, the satellite will compact to a launch 
configuration approximately eight feet 
square, matching the envelope and load 
requirements of today's launch vehicles, 
including Titan, Atlas Centaur, Ariane, Long 
March and the Space Shuttle. 



Benita C. Hayes of the Systems Analysis and Integration Laboratory briefs workshop attendees in 
Marshall Space Flight Center's full-scale engineering mock-up of the permanently manned Space 
Station's US Laboratory Module NASA 

Space Station Workshop 

More than 100 representatives of space agencies in Europe and Japan, NASA 
officials, US astronauts, designers and potential users of the permanently 
manned Space Station met at NASA's Marshall Space Flight Center in 
Huntsville, Alabama, in early October to participate in a Space Station 
Laboratory Workshop. 

Workshop attendees toured full-scale engineering mock-ups of the US 
Laboratory Module and Habitation Module to see first-hand what living and 
working in the Space Station will be like. 

Attendees received briefings on the Space Station Laboratory Module and 
discussed its potential use as well as how the mockups themselves may be used 
during the detailed design and construction of the Space Station. They also were 
briefed on User Operations, Logistics Interfaces, Standard Rack/Utility 
Provisions and Selected User Accommodations in the US Laboratory Module. 

Participants at the Space Station Laboratory Workshop gather around Marshall's full-scale engineering 
SpaceStation mock-ups. NASA 
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IAF President DrJohannesOrtner (left) with Mr. John Butcher MP (centre). Par¬ 
liamentary under-secretary of State for Industry, and Mr. Len Carter during the 
joint Government/BIS evening reception. 



The Brighton Corn Exchange provided an ideal setting for the two evening 
recepti ons. The Banquet was also to have been held here. 


BIS staff members and some of the Congress helpers during an evening recep¬ 
tion. From left: Gary Marsland, Clive Simpson, Shirley Jones (foreground), 
Margaret Simpson, Suszann Parry, Rod Woodcock, Tina Buttinger, Marilyn 
Marsland and James Goddard. PJ. Fulford 





Congress 'Thank You' Letters 

Many letters and comments were gratefully received by 
the Society in the days following the IAF Congress and 
SPACE '87 Exhibition: 

Congratulations to the British Interplanetary Society on the Brighton Con¬ 
gress! I think it was a great success, much enjoyed by all the participants, with 
the hurricane providing a memorable finale. Thank you too for the splendid 
reception in the Royal Pavilion and the commemorative plate. Of all the confer¬ 
ences I have attended, this will be the most enduring in memories. 

DESMOND KING-HELE 
Royal Aircraft Establishment 
Farnborough, Hants. 

I thought the Exhibition was extremely well organised and very interesting, as 
did everyone I spoke to. The quality of the exhibits was very impressive and I 
shall be giving a glowing report. 

IAIN MacDONALD 
Commercial Attache 
Government of Quebec 

I am sure others will expr^s their thanks to you for a well organised SPACE '87 
but I should like to add my thanks for the hard work you all put in to make the 
event a success. I much appreciated the assistance given to me personally and 
Marconi in general. Thank you. 

PETER WILDISH 
Marconi Space Systems 

All at the BIS are to be c o n g ratulated for the professional way this event was 
organised. It has been a great pleasure working with you over the arrange¬ 
ments. We are upset that your conference became a casualty of the hurricane 
gale and I sincerely hope that your delegates will not allow the cancellation of 
the banquet to mar their thoughts on a very successful week. 

CELIA ADAMS 
Conference Officer 
Brighton Centre and Dome Management 

I am truly sorry the w oa th ui last week was so flagrantly uncooperative. Most 
of us were particularly upset that your excellent arrangements for the gala 
banquet ware so sadly fn^rated. Despite the unfortunate weather, I believe 
most delegates found the Congress most useful and informative. Best 
personal regards. 

JERRY GREY 
Past-President 
International Astronautical Federation 

May I compliment you on a most illuminating and enjoyable IAF meeting in 
Brighton. It certainly contained many useful sessions and provided an excel¬ 
lent benchmark of the space programmes at this time. 

IAN L. THOMAS 
Woking, Surrey 

The Congress was very suax^fol and the Technical Sessions wei e excellent 
and with recdrd attendances. 

L.R. SHEPHERD 
Dorest, UK 


I was disappointed not to be able to attend the reception in Brighton te mark 
the opening day of the IAF Congress on October 12. As you will have heard, I 
was called at short notice to attend an urgent meeting of Airbus Ministers in 
Brussels the same evening. I was however very glad to learn from my col¬ 
league John Butcher that the reception went well. 

KENNETH CLARKE 
Minister of Trade and Industry 

I was very glad to hear that the Congress was a great success despite the 
incomprehensible performance from the Government. 

Lord SHACKLETON 
House of Lords 

Very many thanks for allowing our party to experience the SPACE '87 Exhibi¬ 
tion at Brighton. The organisation was superband, in every respect, a real cre¬ 
dit to the Society. Everyone of our party was thrilled to meet the astronauts 
and many in our party will, I am sure, retain specialmemories of the day, pos¬ 
sibly for the rest of their lives. 

JOHN W. BURLEY 
Exeter College, East Devon 

I was one of about 30 boys from the lower sixth of Emanuel School, Battersea 
Rise, who attended the SPACE '87 Exhibition. I am writing to tell you how I 
enjoyed it. I was very happy to see representatives from many companies and 
organisations willing to see us. At one of thestands I noticed an account of the 
Daedalus project which I was fascinated by. I thought that it was wonderful 
that people could look into the future with such initiative. 

A.S. AHMAD 
London SW18 
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My congratulations on a well run and well received Congress. The meeting 
and meeting places were well organised, diverse and most interesting. I par¬ 
ticularly appreciated the emphasis on crossover between disciplines. 

KENNETH M. JONES 
Massachusetts, USA 

My wife and I attended the SPACE '87 Exhibition and had a most enjoyable 
time. The exhibition was really splendid and the exhibitors charming and 
interested in those of us attending, answering questions and providing techni¬ 
cal information and numerous souvenirs. We were particularly impressed 
with the friendly reception we received at the BIS and Spaceflight stands and 
would like to thank all those concerned. 

T.J. WAYNE 
Kent, UK 

I should like to take this opportunity of offering my congratulations to the BIS 
on what was reportedly an excellent IAF Congress and Space Exhibition. 

GEOFF DAVIES 
Roleystone, Western Australia 

Congratulations on the terrific job you did organising the IAF Conference and 
SPACE '87 Exhibition. By all accounts it was a grept success and will be 
memorable despite the hurricane that blew through on the last day. 

JACK SCHMID 
NASA Exhibits Coordinator 

I would like to take this opportunity to congratulate the Society on its 
magnificent efforts in Brighton, especially with regards to the souvenir 
newspaper. 

EDWIN A. KAYES 
Data Recording Div. 

Thorn EMI 

On behalf of our Society, may I congratulate you for the successful staging of 
the IAF Congress at Brighton inspite of the non-cooperative weather. I also 
want to thank you for the arrangements provided to our Society for promoting 
the Bangalore Congress. 

C.R. SATHYA 
Astronautical Society of India 

Hurricane Storm 

The Society escaped relatively unscathed from the hur¬ 
ricane force winds which left a trail of devastation through¬ 
out South-Eastern England during the night of October 15- 
16. 

Subsequent torrential rain, however, penetrated the roof 
of the HQ building causing considerable damage in some of 
the upper rooms. 

Flooding also caused a potentially serious problem for the 
printer of Spaceflight in Aylesbury, who had just completed 
the November issue. However, all but a few copies were 
saved, with distribution largely unaffected. 

One concerned member, John Fadum from Florida, 


wrote: "Please accept my condolences for absolutely horri¬ 
ble weather that you have been having the last few days. I 
saw the storm damage to Central London on TV and sure 
hope that the BIS HQ is in better shape. I am anticipating, 
with dread, a report in Spaceflight (unless the BIS Council 
must suspend publication for a time: I sure hope not, but 
would certainly understand if you do)." 

The storm, the worst to hit the south coast of England 
since 1703, also caused severe damage at Brighton, being 
most intense during the early hours of Friday October 16, the 
last day of the meetings programme of the IAF Congress., 
Fortunately, the mains power was restored in time for the 
technical sessions to start on time at 9 am. 

In spite ofthe loss of power during the early hours of Fri¬ 
day, the Society's souvenir colour newspaper, 'Congress 
News', which was being printed overnight in Brighton, was 
available to Congress participants within two hours of its 
scheduled time. 

At the peak of the storm in the early hours of the Friday 
morning the BIS kiosk in the foyer ofthe Brighton Centre was 
blown down and showered with glass as one of the large 
plate glass panels of the front facade ofthe building crashed 
in. 

Unfortunately the mains power in Brighton failed again at 
the end of the afternoon notto return until later in the even¬ 
ing when it was already too late to go ahead with the Con¬ 
gress Banquet which the Society had organised. The cancel¬ 
lation of this was a great disappointment to all concerned. 
Refunds were sent to all who purchased tickets. 



*Arthur C. Clarke 

We extend congratulations to Arthur C Clarke, Honorary Fellow 
ofthe Society and a past chairman, who celebrates his 70th birthday 
this month. We are pleased to say that he is as active as ever. He has 
written a book for a film called Cradle, to be produced by Warner 
Bros., and has just finished another book provisionally called 
Astbunding Days. Just published in the 'Mysterious World Series' is 
A.C. Clarke's Chronicles. 


Society meetings, unless otherwise stated, are 
held in the Society's Conference Room, 27/29 
South Lambeth Road, London SW8 1SZ. Meet¬ 
ings are restricted to Society members unless 
otherwise stated. Tickets should be applied for in 
good time by writing to the Executive Secretary 
at the above address enclosing an SAE. Members 
may bring one guest. 

2 December 1987,7-9 pm Lecture 

REMINISCENCES OF BLUE STREAK 

C.H. Martin 

Members only. Please apply for ticket, enclosing 
SAE, in good time. 

3 February 1988,7-9 pm Lecture 

ENCOUNTER WITH HALLEY'S COMET 

Prof. J.A.M. McDonnell 

Members only. Please apply for ticket, enclosing 
SAE, in good time. 


MEETINGS DIARY 

5 March, 1988,10.30 am Visit 

UNIVERSITY OF SURREY 

A tour of the UoSAT Spacecraft Engineering Unit 
for BIS members. Further details from: Executive 
Secretary, British Interplanetary Society, 27/29 
South Lambeth Road, London SW8 1SZ. Please 
enclose SAE. Numbers will be restricted so please 
apply in good time. 

9 March, 1988,7-9 pm Lecture 

HOTOL -A SPACEPLANEFOR EUROPE 

G.P. Wilson 

Members (plus one guest) only. Please apply for 
ticket, enclosing SAE, in good time. 

23 March, 1988,10-4.30 Symposium 

HISTORY OF BLACK KNIGHT 

An all-day Symposium. Refreshments will be 


provided and as numbers are limited early 
registration is advised. 

19 April, 1988,10-4.30 Symposium 

DIRECT BROADCAST BY SATELLITE 

Venue: Conference Room, British Interplanetary 
Society, 27/29 South Lambeth Road, London 
SW81SZ. 

Offers of Papers 

Authors wishing to present papers should contact 
the Executive Secretary. 

Registration 

Forms are available from the Executive Secretary, 
The British Interplanetary Society, 27/29 South 
Lambeth Road, London SW8 1SZ. Tel: 01-735 
3160. 

LIBRARY OPENING 

The Society Library is open to members on the 
first Wednesday of each month (except August) 
between 5.30 pm and 7 pm. Membership cards 
must be produced. 
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Frame number AS11 -40-5886 which is believed to be the only 70mm Hasselblad lunarsurface photograph of Neil /Armstrong during tne Apollo 11 EVA. 


Space Frontiers 


Armstrong On The Moon 

Sir, I was most interested to read the letter from Mr Keith Wil¬ 
son (Spaceflight, August 1987, p. 296) in which he identifies 
one Apollo 11 "still" photograph which apparently shows 
Neil Armstrong on the Moon. 

While appreciating that there is unlikely to be positive 
proof that photograph AS11-40-5886 shows Armstrong, it 
must surely behove the Society to obtain a copy of the photo¬ 
graph from NASA and print it in SpaceflightXogether with an 
enlargement ofthe relevant portion. I have often felt that his¬ 
tory will judge the absence of a clear photograph of the first 
man on the Moon as the most absurd and inexplicable omis¬ 
sion in the exploration of space. The publication ofthe photo¬ 
graph identified by Mr Wilson could therefore be of some 
considerable historical significance. 

GEOFFREY BOWMAM 
Belfast, N.Ireland 

Sir, I felt readers would like to see what is believed to be the 
only 70mm Hasselblad lunar surface photograph of Neil 
Armstrong during the Apollo 11 EVA. It is frame number 
AS11-40-5886 which was described very well by Mr. Keith 
Wilson in the August issue of Spaceflight. I enclose a full 
frame photograph and an enlargement of what is believed to 


be Mr Armstrong. All the photographs taken before and after 
AS11-40-5886 agree with the descriptions given by Mr Wil¬ 
son. 

Many thanks should go to the personnel at NASA God¬ 
dard's National .Space Science Data Center in providing 
photographic services. Searches through the 70mm photo¬ 
graphic catalogue on the Apollo 11 flight have shown no 
more photographs of Mr Armstrong except for his shadow 
and reflection in Mr Aldrin's faceplate. 

GREGG LINEBAUGH 
Maryland, USA 

Sir, My letter published in Spaceflight, August 1987, pp. 296- 
7 identified Apollo 11 commander Neil Armstrong on the 
lunar surface. The accompanying photograph shows this 
particular 70mm Hasselblad frame. 

I believe that this frame is one of a sequence of photo¬ 
graphs taken by lunar module pilot Aldrin which show a 
panoramic view of Tranquility Base. Armstrong is seen work¬ 
ing at the Modularised Equipment Stowage Assembly, pos¬ 
sibly packing or sealing the lunar sample return containers. 

KEITH T. WILSON 
Strathclyde, Scotland 
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Supporting Britain's Space Future 

Sir, The biggest blow this decade to the future of UK space 
potential is the Prime Minister's rejection of the vital budget 
increase proposed by Roy Gibson for the British National 
Space Centre. This event is underscored by the various excit¬ 
ing possibilities of recent years, such as Hotol, which may 
now fall to other countries to produce and oenefit from. The 
many letters in Spaceflight's correspondence columns show 
that BIS members feel keenly disappointed in this matter, 
while Ralph Lorenz gives the excellent suggestion of writing 
to your MP. 

Would it not be a valid proposition for the prestigious 
British Interplanetary Society to throw its weight behind a 
concerted effort, organised by a voluntary committee, 
designed to gather evidence of popular discontent, petitions, 
letter-files, supportive statements by industrial and scientific 
experts etc., and present it systematically, maintaining a con¬ 
tinuous pressure upon not just our local MPs butpn Parlia¬ 
ment as a whole and the Cabinet and Prime Minister in par¬ 
ticular? Such a coordinated effort may or may not achieve 
any actual result; but it is my belief that something should be 
done, that most BIS members would be prepared to sign 
something or write if only organised, and that many mem¬ 
bers are in a good position to canvass industry and seats of 
learning and thus bring to bear people and organisations 
outside the Society, for the common good. 

Unfortunately, long experience has shown that nothing 
gets accomplished without some united front, and while I 
have mixed feelings on the topic of "pressure groups" in 
political contexts, the issue at hand cuts across all political 
divisions and policies and is concerned with nothing less 
than the presence of the UK in space-oriented technological 
fields forthe next generation and longer. 

PETER W. MILLS 
Kent, UK 

Ed. The British Interplanetary Society together with people 
and organisations outside the Society have been in unison in 
opposing the UK Government's present stance. The BIS has 
a unique record for promoting awareness of the importance 
of space for Britain, Europe and the international commun¬ 
ity. The publication of Spaceflight is one such well-recog¬ 
nised example of the Society's efforts and is only a part of its 
programme. 

Readers cart add their own contribution to that of the Soc¬ 
iety by discussion and making their opinions known. The 
value of a letter to their local MP should not be underrated. 
Individual letters can be much more effective than an 
organised petition. They call for individual replies and get 
noticed. Many years ago. Parliament's lack of concern with 
space was explained by one MP when he said that his post¬ 
bag was full of people's problems but space was never one of 
them. Readers have it in their hands to change that - just for 
the price of a postage stamp. 


MP Acknowledges BIS Efforts . 

Sir, Thank you for kindly sending me recent issues of the 
Spaceflight magazine. Thank you also for extending the 
courtesy of looking after me at your recent SPACE '87 Exhib¬ 
ition. I congratulate you on its success. I referred to it in my 
questions to Kenneth Clarke last week. 

DAVID ATKINSON, MP 
House of Commons 

Ed. The following extract is from Hansard October 28, 1987 
Oral Answers: 

Space Plan 

Mr. Atkinson asked the Chancellor of the Duchy of 
Lancaster when he expects to make a statement on his 
space plan. 
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Mr. Kenneth Clarke: The Government have decided 
not to increase public expenditure on space above the 
current level, which is already running at £100 million 
per year. 

Mr. Atkinson: Will my right hon. and learned Friend 
confirm that the British space industry hasyetto be for¬ 
mally consulted on the space plan? When his hon. Friend 
the Under-Secretary of State visited the Space 87 exhib¬ 
ition in Brighton earlier this month, was he not impre¬ 
ssed by the presence of the French space industry, which 
receives far more recognition and supportfrom itsGov- 
ernment than does our industry, and by the fact that it is 
far larger and employs more people as a result? Will my 
right hon. and learned Friend bearthat in mind when he 
goes to The Hague next month? 

Mr. Clarke: My hon. Friend says that the industry has 
not been formally consulted, but I think that most lead¬ 
ing industrialistsinthissectorare in regularcontactwith 
the British National Space Centre. I am already having 
discussions with many people in the industry and I 
intend to continue discussions in the coming months to 
get our strategy clear. There is certainly heavy French 
participation in the European Space Agency and the 
French are pressing particular programmes. We have to 
collaborate with them as essential partners in many 
areas but we must make sure, with them, that we are 
spending our money wisely on objectives of mutual 
advantage. 


First Civilian i n Space 

Sir, The first civilian in space was Konstantin Feokttetov, a 
spacecraft designer (Voskhod 1, October 1964), and theTirst 
American civilian in space was a test pilot on Gemini 8 
(March 1966) called- Neil Armstrong! 

Both before and after the Challenger tragedy we had con¬ 
stant reiteration by the media of the asserting that Christa 
, McAuliffe would be, and then would have been, the first civi- 
*lian in space. Spaceflight (Milestones, October 1987, p. 57) 
committed the same error. 

RAY WARD 
London, UK 


Spaceflight and JBIS 

Sir, For 1988 I have decided to double my pleasure by sub¬ 
scribing to both Spaceflight and JBIS; this will also enable 
me to avoid disappointment when I apply for journals too 
late. I missed the Soviet issue of JBIS earlier this year under 
such circumstances. 

T.J. WAYNE 
Kent, UK 

Ed. The Journal of the British Interplanetary Society (JBIS) 
may now be ordered for 1988 at the much reduced price of 
£22.00 (US$36.00) by members of the BIS. 


Spaceflight 

Sir, I must commend you on your incredibly succinct and 
wonderful reporting of the past and present history of space 
flight and Man's attempts to be a significant part of it ( Spacef¬ 
light, October 1987). I am so glad that I became a member. 
Keep up the good work. 

ROBERT SHAW 
New York, USA 
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A 'Barnes Wallis' Shuttle? 

Sir, In the late 1920's and mid 1930's Barnes Wallis invented 
and applied geodesics to the construction of airships and air¬ 
craft. Complete airframes were derived in curvilinearform to 
evolve an articulated structure without internal chords, 
diagonals, or bulkheads in which all the members were 
placed as geodesics of the boundary surface. Wings, fins, 
and tail planes were all formed from a uniform cross section 
light alloy of standard format. 

Since the airframe withstood all of the linear and torsional 
stresses, the covering only needed to support overall 
aerodynamic loads and traditional cellulose doped fabric 
was used and stretched clear of the mainframe by means of 
carefully placed wooden spacer strips. 

The whole system was extremely light and immensely 
strong - the first structure built for test purposes was loaded 
up to 13 'g' without failure. In fact this structure could not be 
tested to failure as the machines did not then have sufficient 
capacity - an anecdote often quoted by Wallis. This geodesic 
structure had one unique advantage. All members were 
equally loaded and if one or more were damaged, stresses 
were equally shared out among the rest. Many World War II 
airmen owed their lives to this unique characteristic of the 
Wellington bomber. 

Having worked on these machines and their descendants 
and seen this construction in detail, I would suggest that by 
using modern materials this form of construction could be 
easily adapted to spaceplanes and the second generation 
shuttles. 

For a given structure weight the cost savings would be 
enormous. Chemical milling and computerised cutting of 
metal slabs would be replaced by precision .rolled and 
extruded standard sized girders bent to the required 
geodesic forms - a basically cheap process. 

The original fabric covering would find its modern coun¬ 
terpart in thin, hightemperaturealloy sheeting bondedtothe 
geodesic mainframe with high temperature synthetic resins. 
The material could be light alloy or steel. 

This thin sheeting uniformly supported and stressed 
would form the base onto which the normal heat resistant 
cladding could be bonded by methods now well established. 
The normal tile separation allows for thermal expansion. A 
shuttle fabricated by this method could be made at much 
lower cost than present systems allow-and it could be made 
with relatively low’skilled assembly labour. 

If the weight saving was sufficient then even greater cost 
savings might be achieved by the use of inexpensive alloyed 
■steels. These would preserve their strength at higher temper¬ 
atures than light alloys. This would permit the use df thinner 
tiles or slates of heat resistant material - and therefore partly 
recover the weight penalty of using such steels. This would 
confer real long life reusability. 

The second generation shuttle should be designed to 
function at the lowest possible total launch cost. Capital 
costs in terms of materials, labour and assembly processes 
form a large part of this total cost. 

Additionally, the second generation shuttle must have as 
much integral tank structure as possible, and geodesic con¬ 
struction allows the maximum possible internal enclosed 
volume for a given prescribed overall structure weight. This 
was borne out in practice by the Wellington - it achieved 
double the payload and twice the range (for a given all-up 
weight) as did its projected contemporaries. 

Again modern methods of tank construction could allow 
integration of a fuel tank system inside a wing structure 
whereby the tank stresses were due to the fuel load and veh¬ 
icle accelerations - and nothing else. 

Geodesic construction was phased out because the linen 
fabric covering was highly inflammable and (later on) of 
insufficient strength to be able to withstand flight speeds in 
excess of 400 mph. These disadvantages would not be man¬ 
ifested in a modern system using a thin metal sheath carry a 
heat resistant tile covering. 
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Any principle proven by past experience and capable of 
being updated by modern materials is well worth further 
study if it materially reduces the cost of operating reusable 
space vehicles. I think that the Wallis geodesic system of air¬ 
frame construction using modern materials could do just 
that! 

A.T. LAWTON 
Middx, UK 


Black Brant Launch 

Sir, I am a new BIS member and am very satisfied with the 
Society. Its publication Spaceflight will help me with my 
studies in engineering and with improving my English. 

In the January 1987 issue of Spaceflight a picture of a 
Black Brand X launch appears at the beginning of J. Powell's 
article "Black Brant X-A Canadian Export". I take the launch 
pad to be the Italian San Marco Platform in the Indian Ocean, 
5 km off Malindi, Kenya,from which eight scientific satellites 
have been launched since 1967. Cound you please confirm 
my supposition? What was the date of launch of the rocket 
shown in the photo? 

FRANCO MOCCI 
Casazza, Italy 

The following information has been provided by Joel 
Powell: 

Although the photograph was not provided by myself, I do 
indeed know when it was taken. The picture shows the 
launch of oneofthetwo Nike-boosted Black Brant sounding 
rockets (called the Black Brant VIII) from the San Marco Plat¬ 
form on February 15-16, 1980 to observe the total eclipse of 
the Sun. 

NASA launched a total of seven sounding rockets from 
the San Marco Platform on those two days to study the solar 
corona and changes induced in the Earth's atmosphere 
caused by the temporary disappearance of sunlight in the 
zone of totality. The source of this information is the May 
1980 issue of Spaceflight, vol 25, p. 192. 


Eight Booster Version of Energia 

Sir, An eight booster version of Energia with an upper third 
stage should have a more powerful core stage. It would be 
reasonable to assume a thrust increase from 800 tonnes to 
some 1200 tonnes obtained from five uprated engines each 
one delivering 240 tonnes and working for two thirds of the 
period of the original two-stage version. The third stage 
would then use a single engine of the same type and the 
thrust ratings of the stages would be: First : 7600 tonnes; 
Second : 1200tonnes; Third : 240tonnes. The corresponding 
values for the Saturn 5 are: Saturn 5 SIC : 3430 tonnes; S11 
: 518 tonnes; SIVB : 103 tonnes. 

The burn time for the strap-ons would be three minutes if 
we take the Isp of 380 seconds given by A.T. Lawton [1] or 2'/2 
minutes if a more conservative value of 320 seconds is taken. 
(For comparison note that Saturn 5 first stage burn time was 
Vh minutes). The burn time for the core stage would be eight 
minutes if Isp = 480 seconds (1] and this would also be the 
time to reach LEO (forthe two stage Energia). 

Maximum acceleration for the two-stage version just 
before strap-on separation would range between 4.4 and 4.7 
g depending on burn time and assuming no thrust reduction 
to limit acceleration. 

In a three-stage version based on the above assumptions, 
80 tons of fuel would be required to get the third stage to LEO 
or parking orbit for a burn time of ~ 160 seconds. From such 
a rough analysis and comparing the thrust with the Saturn 5 
which had a third stage (SIVB) thrust of 100 tonnes and could 
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deliver 120 plus tonnes to a parking LEO prior to engine 
restart, one can conclude that a three stage Energia with 
eight strap-ons should have the capacity of placing over 
twice the Saturn 5 payload in LEO especially when consider¬ 
ing higher specific impulses for the engines. So a lifting capa¬ 
bility of as much as 300 tonnes to LEO can be achieved, as 
estimated by A.T. Lawton [1], 

Saturn 5 delivered over 45 tonnes to the Moon; so the 
same should apply for a four strap-on Energia with a pig¬ 
gyback third stage (probably the same as the SL-16 second 
stage) delivering some 120-150 tonnes of thrust. An eight 
strap-on version should be able to send over 100 tons to the 
Moon, putting a "Novij Mir" core in lunar orbit. 

M.G. HASSAN 
S.R.C. Baghdad, Iraq 

Refervnca 

1 AT Lawton, "Energia - Soviet Super Rocket', Spaceflight. Vol.29 pp 285-289, 1987 


Cosmonaut Viktorenko 

Sir, Readers of Spaceflight may be interested in the follow¬ 
ing biographical details about Soviet cosmonaut Alexander 
Viktorenko (call-sign "Vityaz"), who recently commanded 
the Soviet-Syrian SoyuzTM-3 flight to Mir. 

Viktorenko is the first military test pilot known to have 
been selected for cosmonaut training in 1978, the other 
known 1978 recruits being six flight engineers and one civi¬ 
lian test pilot (Igor Volk). The Izvestiya newspaper (1] 
revealed that at some unspecified point in his cosmonaut 
training Viktorenko was the victim of a freak accident during 
an exercise in an isolation chamber. He unsuspectingly flip¬ 
ped a timer switch which had mysteriously come under an 
electrical charge of 220 volts, the shock leaving him uncon¬ 
scious for six hours. Viktorenko badly burnt both hands in 
the accident and seriously injured his head in the ensuing 
fall. These injuries were grave enough to prevent him from 
flying for the rest of his life, but Viktorenko persevered and 
through countless medical check-ups fought his way backto 
the pilot ranks and was eventually allowed to resume cos¬ 
monaut training. 

The same Izvestiya article states that Viktorenko once 
trained as a member of "back-up crews" with veteran cos¬ 
monaut Vitaliy Sevastyanov. Since the two do not seem to fit 
in any of the still undisclosed back-up crews for Salyut 6 and 
7, it is more likely the article actually refers to a support crew 
assignment for one pajlicular mission. Since Sevastyanov 
had apparently quit active cosmonaut training after his 1975 
Salyut 4 mission, his reinstatement as a cosmonaut trainee 
at a later date indicates a shortage of younger cosmonauts 
fey the flight in question. Such a situation arose in late 1980, 
when most active cosmonauts were preparing for Salyut 7, 
forcing the Soviets to resort to a blend of old veterans and 
1978 rookies to fly and back-up the SoyuzT-3 bonus flight to 
Salyut 6. The Soyuz T-3 crews included veterans like Oleg 
Makarov (prime flight engineer), Vasiliy Lazarev (back-up 
commander) [2, 3j Konstantin Feoktistov (medically disqual¬ 
ified as prime researcher cosmonaut only shortly before 
launch) [2, 3], all of whom had been considered retired, and 
1978 rookies Gennadiy Strekalov and Viktor Savinykh (prime 
and back-up researcher cosmonauts) [2], who normally 
would not have been in line fbr a mission assignment just 
two years after their selection. In this context, Sevastynov (a 
1966 veteran) and Viktorenko (a 1978 rookie) appear to be 
logical candidates for two of the Soyuz T-3 support crew slots 
(flight engineer and support commander respectively), the 
researcher cosmonaut still remaining open to speculation. 
The isolation chamber accident must have occurred some 
time after 1980, which explains why Viktorenko never 
appeared on a Salyut-7 mission. After his recovery he was 
paired with Alexander Alexandrov to first back up the 1986 
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Kizim-Solovyov mission and then fly the Soyuz TM-3 visiting 
flight. 

The other two Soviei rookie cosmonauts vyho became 
known in 1987 are Alexander Laveikin ( Soyuz TM-2 prime 
flight engineer) and Anatoliy Solovyov (SoyuzTM-3 back-up 
commander), (.n a departure from normal practice, Laveikin 
(1987 selection) never trained as a back-up crew member 
before his Mir flight, Soyuz TM-2 being his first assignment 
[4]. As for Solovyov (1976 selection), the Soviets hinted 
Soyuz TM-3 was not his first back-up assignment [5], but no 
further details were released. The Soyuz TM-2 reserve 
engineer was Alexander Serebrov [6], who probably stayed 
teamed up with his original Soyuz T-8 crew commander Vla¬ 
dimir Titov for his back-up post. The two are likely to become 
Mir's next resident crew, replacing Romanenko and Alexan¬ 
drov this month (December). 

BART HENDRICKX 
Kapellen, Belgium 

Rafwmcai 

1 Izvestiya. July 23, 1987, p 3 

2. The Soviet Cosmonaut Team, G. Hooper, GRH Publications. 1986 

3. Nauka i Zhizan, November 1981, p 124-129 

4 Pravda. February 6, 1987, p 3 

5 Izvestiya, July 22.1987, p 3 

6 Radio Moscow Domestic Service, July 25,1987,18 00 GMT 


How Vostok Cosmonauts Landed 

Sir, In the paper "The Evolution of the Vostok and Voskhod 
programmes', published in JBIS, January 1985, it is stated 
that "all six Vostok cosmonauts landed by parachute away 
from the DM"; 

The accompanying photograph, taken from a TV report of 
the landing of Vostok 6, shows Valentina Tereshkova and a 
woman ground crew member in the centre, the Vostok DM in 
the background and the cosmonaut's (ejection) seat in the 
foreground. This seems to suggest that the seat was taken 
out of the DM after landing and that, consequently, Teres- 
khova landed inside the Vostok 6 DM. . 


LUCIEN VAN DEN ABEELEN 
The Hague, Holland 
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Soviets Could Visit NASA/ESA Space Station 

Sir, Space activities at the planned NASA/ESA space station 
will be constrained by the low orbital inclination (28.5 deg) 
currently anticipated. At first glance, visiting missions from 
higher latitude launch sites (e.g., Tyuratam in the USSR, at 46 
N) would appear to be ruled out. There may, however, be a 
way for the Soviets to operate at the lower inclination, using 
the four-stage SL-12 (Proton-D) booster to carry Soyuz-TM 
and Progress vehicles into LEO. 

Nominally, an SL-4 booster carries the Soyuz-TM or 
Progress (both weigh about 16,000 lb) into a 51.6 deg 
inclination orbit at 200-240 km. This involves launching from 
Tyuratam ("Baikonur") at an azimuth of 63 deg (27 deg north 
of due east) to avoid early overflight of Chinese territory. 

Plane changes of any substantial size are costly in delta-V 
to the tune of about 440 ft/sec per degree. A typical manned 
spacecraft rarely has delta-V capability to make even one or 
two degrees plane change (and then it would not be able to 
deorbit!). Altitude changes are easier. 

Beyond the SL-4, the USSR has a more powerful booster, 
the Proton, in service since 1965. The three-stage version 
(SL-13) carries up to 42,000 lb into a 51.6 deg inclination 
orbit; the four stage version (SL-12) carries a "D" injection 
stage and up to 10,000 lb of (escape) payload, or 4400 lb to 
GEO. The SL-12 booster was originally designed to be man¬ 
rated for the still-unacknowledged Zond manned 
circumlunar missions of the 1967-1970 period but no 
manned flights were performed then, or since. 

During studies for space commercialisation, the 
Glavkosmos organisation in Moscow concluded that a four- 
stage SL-12 could place 12,100 lb into a 28.5 deg inclination 
orbit. This involves a standard SL-12 three-stage ascent atjd 
a fourth stage burn at first equator crossing to perform the 
plane change (instead of the nominal injection onto a GEO 
transfer orbit). 

This performance already allows injection of an off¬ 
loaded Progress freighter into an SS-compatible orbit. The 
16,000 lb Progress contains 5,000 lb of dry/wet cargo plus 
manoeuvring propellant scaled to its full mass. Off-loading 
3,900 lb of cargo would create a vehicle weighing 12,100 lb 
(of which 1,100 lb is cargo), and the resulting pro-rated 
propellant savings would add an additional 100-200 lb of 
cargo. Simplified tankage structure on a modified Progress 
not intended to carry wet cargo could save an additional 200- 
300 lb, resulting in a dry cargo capability of 1,400-1,600 lb. In 
terms of urgent space parts or medical supplies brought to, 
the SS, this capability could be extremely interesting. 

For Soyuz-TM operations in SS-compatible orbits, the 
Glavkosmos level ^of 12,100 lb requires substantial 
upgrading. Several options are available: 

(a) Launch due east (azimuth 90 deg), thereby increasing the 
benefit from the Earth's rotation and reducing the required 
plane change at the equator by almost six degrees. The 
heavier payload (a Soyuz-TM) would require off-loading 
some of the fourth stage propellant. My initial calculations 
indicate that such a mission would allowabout6900ft/secof 
delta-V, which could place a manned Soyuz-TM into an 
inclination as low as 30 degrees. To complete a rendezvous 
with the space station, the vehicle would need to first 
rendezvous with a tug or other high-delta-V spacecraft for 
the remaining plane change; perhaps the NASA OMV could 
conduct this service. 

(b) Shape the SL-12 ascent profile for a sub-orbital trajectory 
which is circularised during the equator plane change burn. 
The first three stages could insert the fourth stage plus 
payload at a much lower altitude than standard (near 100 km 
versus the nominal 200 km) and the vehicle could coast to an 
apogee near the equator; without the subsequent 
manoeuvre it would re-enter over the southern Pacific. But 
the plane change burn could easily accommodate an orbit- 


raise burn as well. In this way a fully fuelled fourth stage plus 
Soyuz-TM could be inserted, and the result would be 7800 ft/ 
sec of delta-V, placing a manned Soyuz-TM into a 28.5 deg 
inclination orbit at 220-400 km. 

Option (a) is simple in that the SL-12/13 ascent profile is 
unaffected, although ground tracking and range safety 
issues (with diplomatic overtones) are raised. Option (b) is 
somewhat more complex, involving significant 
requalification of ascent vehicle dynamics, but its surprising 
pay-off is correspondingly spectacular. 

A nominal SL-12/13 injection places the first southbound 
equator crossing between Kwajalein and Samoa. Use of a 
due east launch azimuth would move this point to about 
150E, between Guam and the Solomons. Excellent tracking 
coverage ofthe plane change burn is available. 

The use of Proton SL-12'sfor manned sorties to the NASA/ 
ESA space station is entirely feasible, since the booster's 
availability through the 1990's has been asserted by 
Glavkosmos, along with its economy of use (the quoted 
launch price is $30M). The same is true for Soyuz-TM. 

Visiting Soviet three-man crews could spend weeks or 
months at the SS. The Soyuz-TM on-orbit lifetime is currently 
six months when parked. 

Landing requirements are interesting, and it appears that 
the most optimal thumpdown point for the Soyuz-TM is 
northern Australia (with Mexico as an alternate). On the 
other hand, the Soviets may wish to exercise their backup 
option of ocean splashdowns. 

In conclusion, the opportunity for Soviet manned visits to 
a NASA/ESA facility at 28.5 deg inclination cannot be ruled 
out as impossible due to hard spacecraft/booster 
constraints. Proper diplomatic efforts could enable such 
missions to take place as long as near-term (and short¬ 
sighted) engineering decisions do not overlook their 
possibility. The advisability of further studies of these 
options is indicated. 

JAMES OBERG 
Texas, USA 


Photo Essay 

Sir, A slight error crept into the copy of my EVA photo essay 
in the September issue of Spaceflight and I would like to ask 
you to run the following comment in the correspondence 
section to head off any eagle-eyed reader who may wish to 
take me to task! 

The photograph in the upper left corner on p.329 depicts 
astronaut Bruce McCandless during one ofthe EVA's on Mis¬ 
sion 41B, not the Solar Max repaireffort on 41C. The picture 
is actually a 35 mm frame from the Cinema 360 Inc., motion 
picture "The Space Shuttle: An American Adventure". 
Although copyrighted by Cinema 360 Inc., the photo was 
released to the public by NASA Headquarters. The large 
photo on the following page was exposed by a 70 mm Has- 
selblad camera on the SPAS platforrrrand was included for 
the unique perspective it demonstrates. 

JOEL POWELL 
Calgary, Canada 

Ed. We gratefully acknowledge letters from Roger Wheeler 
and Marc D. Rayhman correctly identifying the photo on 
p.329 and from Douglas Arnold pointing out the origin ofthe 
photo on p.330. 


432 


SPACEFLIGHT, Vol. 29, December 1987 






The latest news from Dr. William McLaughlin at the Jet Propulsion Laboratory in California. 


Antarctic Ozone 


The cataloging of trace molecules in 
the Earth's atmosphere has been 
advanced by the ATMOS experiment 
onboard Spacelab 3 during its 1985 
Shuttle flight (see the September edi¬ 
tion of this column). Late last year, as 
part of the US National Ozone Expedi¬ 
tion, the ATMOS measurement 
approach was employed by a JPL team 
led by Dr. Crofton B. Farmer at 
McMurdo Station, Antarctica. The pur¬ 
pose of the expedition was to gather 
data which would bear upon the appa¬ 
rent depletion of the ozone in the 
atmosphere above the cold continent 
during the Antarctic spring and the 
processes which bring about this 
phenomenon. Writing in the Sep¬ 
tember 10,1987 issue of Nature, John 
Maddox provides an assessment: 
"Farmer's group has made the first 
accurate measurements of the pre¬ 
sence of simple halogen compounds in 
the spring-time ozone hole in the 
Antarctic-Stratosphere..." 

Ozone was discovered by the Ger- 
man-Swiss chemist Christian Schon- 
bein (1799-1868) in about 1840. A 
peculiar smell, long noticed in the vic¬ 
inity of electrical equipment, led 
Schonbein to his discovery and served 
as the basis for his choice of name, 
"ozone", derived from the Greek 
ozein: "to smell". 

Although knowledge of ozone, a 
molecule consisting of three atoms of 
oxygen contrasted with the more 
abundant diatomic form of oxygen, 
originated as a consequence of indust¬ 
rial practices, nature had been produc¬ 
ing this substance in abundance in its 
factory in the stratosphere. The French 
physicist Charles Fabry (1867-1945) 
showed, by spectroscopic methods, 
that ozone existed in the upper atmos¬ 
phere. 

In order to appreciate the role that 
ozone plays, it is helpful to recall some 
basic facts about atmospheric struc¬ 
ture. 

The most fundamental classifica¬ 
tion, for the present purposes, is the 
division of the atmosphere into zones 
of altitude. The zone nearest to Earth, 
the troposphere, is the stage where the 
daily drama of weather plays out. The 
vertical extent of the troposphere var¬ 
ies with season and location, but an 
average over time and place would 
locate the tropopause, the region of 
division between troposphere and 
stratosphere, at about 11 km. The 
tropopause tends to be lower over the 
poles and can even reach the surface. 


By definition, the tropopause marks 
the altitude where atmospheric temp¬ 
erature ceases to decrease with 
altitude (it falls, on average, at about 
6.5 degrees C per km in the tropos¬ 
phere), and some three-quarters of 
Earth's air lies beneath. Temperature 
remains nearly constant in the 
tropopause and then begins to 
increase with height in the stratos¬ 
phere, reaching about zero degrees C 
at the stratopause, located approxi¬ 
mately 50 km above the surface. 

The stratosphere is the repository 
for most of the ozone in the atmos¬ 
phere. The amount of this trace gas is 
highly variable, but the peak value is 
normally about 10 parts per million 
(ppm) in the altitude range of 25 to 35 
km. Ozone is produced (and destroyed) 
in the stratosphere by photochemical 
reactions, and these processes, driven 
by solar ultraviolet photons, contribute 
to the temperature maintenance of the 
stratosphere. At ground level, ozone 


concentrations vary from 0 to about 1 
ppm and become irritating to the eyes 
at 0.1 ppm. The photochemical reac¬ 
tions responsible for "smog" in some 
urban areas include the production of 
ozone as one of the culprits. 

The interception of a large fraction 
of the solar ultraviolet photons that 
impinge on the upper atmosphere is, 
of course, the beneficial effect of the 
stratospheric ozone layer whose possi¬ 
ble reduction is a cause for concern. 
Too much exposure to ultraviolet radi¬ 
ation can cause health problems for 
humans and other living organisms. 

Astronomically speaking, the 
stratospheric ozone drives ultraviolet 
astronomers to construct their obser¬ 
vational facilities above Earth's atmos¬ 
phere; witness the International 
Ultraviolet Explorer (IUE) in Earth orbit 
and the ultraviolet spectrometer "ob¬ 
servatories" onboard Voyagers 1 and 
2. The presence of tropospheric water 


The US National Ozone Team conducted scientific studies of the Antarctic atmosphere in September- 
October 1986. Shown at their base at McMurdo Station are three JPL members of the team (from left): 
David Petterson, Dr. Geoffrey Toon, and Dr. Barney Farmer/ NASA/JPL 
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vapour, which ^ absorbs infrared 
photons in many spectral regions, pro¬ 
duces a similar effect on ground-based 
infrared astronomy. Needless to say, 
astronomers, in their alternate roles as 
biological entities, are quite happy to 
undertake the extra efforts required to 
circumvent the astronomical side 
effects induced by the precious sub¬ 
stances of ozone and water vapour! 

Continuing our vertical march 
through the atmosphere, we next 
reach the mesosphere (50 to 80 km), 
which does not factor into our ozone 
story but does harbour the rare and 
somewhat mysterious noctilucent 
clouds: so-named because they are 
visible in the evening, remaining 
illuminated by the Sun in their high 
perch after most atmospheric denizens 
have passed into darkness. The next 
zone, the ionosphere, reaches to about 
500 km and contains several layers of 
electrons which are important in 
facilitating Earth-to-Earth radio com¬ 
munications. Again, an astronomical 
side effect is present-while significant 
endeavours in radio astronomy do take 
place from Earth-based sites, the 
ionosphere does attenuate through 
reflection waves longer than a few 
metres from celestial sources. Finally, 
we reach the exosphere and grade 
from there into interplanetary space. 

The reduction in the amount of 
ozone over Antarctica in the 
springtime has been recognised only 
for the past few years, ^nd the ozone 
"hole", contained within the Antarctic 
circulation, fortunately passed cent¬ 
rally over McMurdo Station on two 
occasions last year, September 15-22 
and October 15-23, when the JPL team 
was present. The edge of the hole 
(maximum ozone gradient) was near 
the observational site three times: 
September 5-8, September 23-28, and 
October 6-13. 

As one can surmise from the discus¬ 
sion above on the properties of the 
atmosphere, the causes of the ozone 
hole are not easy to determine. Farmer 
and his colleagues entertained three 
hypotheses in planning their series of 
observations. First is the dynamic 
hypothesisthat ozone depletion might 
result from the upwelling of ozone- 
poor airfrom the troposphere. Such air 
would inherently be richer.in methane 
and nitrous oxide, a condition which 
serves as a convenient mark of identifi¬ 
cation. Second, as suggested by L. B. 
Callis and M. Natarajan, ozone deple¬ 
tion could be caused by higher levels of 
nitrogen oxides resulting from high 
solar activity. Third, chlorine chemis¬ 
try, with the possibility of significant 
human contribution, could be the 
cause. 

The dynamic hypothesis was tested 
by looking for anomalously high con- 
centrationsofspeciessuch as methane 
and nitrpus oxide in the stratosphere. 
Farmer's group employed the JPL 
Mark IV Michelson interferometer in 
their measurements of atmospheric 
spectra from McMurdo Station. This 
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device is similar to the one on Spacelab 
3 but is adapted to use on ground- 
based, balloon, and airplane platforms 
(the principal difference from the 
instrument used onboard Spacelab is 
that sampling rates do not have to be 
as high in subspace environments, 
thereby easing attendant data acquisi¬ 
tion and processing requirements). 
Anomalous gas concentrations were 
not found, and this dynamic 
hypothesis was not confirmed. 

The second hypothesis, solar cycle 
effects, also failed to be confirmed 
when measurements of the nitrogen 
oxides revealed that their concentra¬ 
tion levels were actually lower than 
those usually seen at mid-latitudes, 
where no ozonq hole has been 
observed. The principal atmospheric 
reservoirs of chlorine are hydrochloric 
acid and chlorine nitrate. The ratio of 
the concentrations of these two com¬ 
pounds during the early Antarctic 
spring (September) was quite different 
from that typical of lower latitudes, 
returning toward normal at the end of 
October coincident with the recovery 
of the ozone concentration. Also, the 
total amount of chlorine in the reser¬ 
voirs increased from September to 
October, possibly from the evapora¬ 
tion of condensed chlorine com¬ 
pounds in polar stratospheric clouds. 
Thus, during the time of growth of the 
ozone hole, the JPLteam observed that 
the chlorine chemistry of the Antarctic 
stratosphere was perturbed, and the 
total chlorine in gaseous reservoirs 
increased. 

Since chlorine can arise from 
natural as well as human sources, it is 
important to attempt to identify its 
genesis. Hydrofluoric acid is only pre¬ 
sent in the atmosphere as a result of 
human activity, and at mid-latitudes 
the current ratio of hydrochloric acid to 
hydrofluoric acid is about four. Farmer 
and his colleagues measured this ratio 
in the Antarctic and found it to be the 
typical four, but the concentration of 
hydrofluoric acid was three times that 
observed in mid-latitudes. Clearly, 
anthropogenic sources are suspected 
to account for the increase in chlorine, 
and the correlation of the excess 
chlorine with ozone depletion may be 
causally significant. As Farmer and his 
colleagues conclude in their paper in 
Nature (September 10, 1987, pp. 126- 
ISO): "While this is not proof of a cause 
and effect relationship between 
halogenated source gases and the 
springtime ozone depletion, it is 
entirely consistent with such hypoth¬ 
eses". 

The complexity of the entire subject 
precludes easy answers, but the search 
for answers goes on. The JPLteam fol¬ 
lowed its ground-based efforts with a 
series of south polar flights in a DC-8 of 
NASA, and investigators from several 
countries are pursuing the goal of pro¬ 
tection through understanding. 

Thanks are due to Odell Raper of the JPL 
ATMOS project who provided information 
on this subject. 


Internati 

The recent apparition of Halley's 
comet was accompanied by an unpre¬ 
cedented outreach of scientific obser¬ 
vations conducted from spacecraft 
and Earth-based facilities. The Interna¬ 
tional Halley Watch (IHW) has backed 
up these observational programmes 
by carrying- out an extensive set of 
ground-based astronomical coordina¬ 
tion and archival functions. 
Astronomer Ray Newburn of JPL is 
head of the Western Hemisphere Lead 
Center for the IHW - Jurgen Rahe of 
the Astronomical Institute at the Uni¬ 
versity of Erlangen-Nurnberg serves in 
a similar capacity for the Eastern 
Hemisphere Lead Center - and out¬ 
lined current status and plans for the 
organisation. 

Newburn said that a coordination 
effort had been attempted for the pre¬ 
vious apparition of the comet when, in 
November of 1909, George C. Com¬ 
stock distributed a circular which sol¬ 
icited world-wide astronomical co¬ 
operation during the impending pas¬ 
sage of Comet Halley. The effort was 
not markedly successful, suffering 
from a late start and funding and com¬ 
munications problems, but a formal 
report was issued in 1915, five years 
after Comet Halley's closest approach 
to Earth. 

The idea for Halley coordination 
during the 1986 apparition came from 
Louis Friedman, then of JPL, in 1979.1 n 
response, NASA i nitiated a study a t the 
Laboratory that year to investigate the 
feasibility and objectives of such an 
endeavour. Three scientists from JPL, 
Newburn, Dr. Donald Yeomans, and 
Dr. Jay Bergstrahl, joined Friedman's 
study team. 

During this phase, the support base 
was broadened by consulting with 
other astronomers, including Rahe and 


Orbit of Halley's comet with the Solar System 
shown to the orbit of Neptune. J. Baum 
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Dr. J.C. Brandt of NASA's Goddard 
Space Flight Center. 

The next step was the formation in 
1980 of a NASA Science Working 
Group chaired by Brandt with New- 
burn as vice-chair and Yeomans as 
executive secretary. The Working 
Group concluded that the IHW should 
be supported, and NASA selected JPL 
as the NASA Lead Center for the co¬ 
ordination effort. As Newburn says, 
"The IHW was underway". Friedman 
phased outof the effort in ordertoturn 
over leadership to cometary scientists, 
and Newburn became the (western 
hemisphere) IHW Leader. The Eastern 
Hemisphere Lead Center at Bamberg 
has been supported by the Federal 
Republic of Germany and led by Rahe. 
Although one might question the 
organisational wisdom of split respon¬ 
sibility, it has worked out well in prac¬ 
tice for the IHW. The Infrared 
Astronomical Satellite (IRAS) had, 
similarly, a split project management 
(between the US and The Nether¬ 
lands): an international arrangement 
that also functioned very well. 

Major steps forward took place in 
1982 with the issuance of the first IHW 
Newsletter and the all-important 
endorsement of the IHW organisation 
and goals by the International 
Astronomical Union (IAU), at its 18th 
General Assembly in Patras, Greece. 

The IHW is organised around eight 
scientific disciplines, separated largely 
by the method or technology of 
observing that is employed within the 
discipline. Also called "Networks" 
reflecting the coordinative orientation 
of IHW, these disciplines are: 
astrometry, infrared studies, large- 
scale phenomena (eg, the cometary 
tails), near-nucleus studies (high resol¬ 
ution), radio studies, photometry and 
photopolarimetry, spectroscopy and 
spectrophotometry, and meteor 
studies. The last category is relevant 
because, as is well known, periodic 
comets gradually "load up" their orbits 
with meteoroids, and if the Earth pas¬ 
ses close to the cometary orbit, as it 
does in Halley's case in May and 
October of each year, a flux of meteors 
enters our atmosphere. 

Interesting coordination problems 
arose among the Networks. For exam¬ 
ple, observatories tend to assign 
observing time to infrared astronom¬ 
ers when the Moon is bright - gener¬ 
ally moonlight does not affect their 
observations (observers concentrating 
on faint galaxies would most likely 
receive the dark sky around time of the 
new Moon). This, however, could 
create a disjunction between visible 
and infrared observers of Halley's 
comet, reducing the potential number 
of valuable simultaneous observations 
of the comet. However, the problem 
was ameliorated by planning joint visi¬ 


ble and infrared observations when the 
Moon was below the horizon, even if, 
rising later, it curtailed visible observ¬ 
ing; long exposures were not, in gen¬ 
eral, required. 

Special efforts were made by the 
IHW to extend its support to space- 
based as well as ground-based obser¬ 
vations. At a meeting in Padua, Italy in 
September 1981, IHW representatives 
(Newburn, Rahe, Yeomans) accom¬ 
panied the NASAdelegation and deter¬ 
mined that they could usefully partici¬ 
pate by providing navigational sup¬ 
port, through astrometric measure¬ 
ments of the location of the comet, to 
the space missions (see the June 1986 
'Space at JPL' for details of this work). 



Cometary scientist Ray Newburn of JPL is co : 
leader of the International Halley Watch. 

NASA/JPL 

The Padua meeting was the first of 
the meetings of the Inter-Agency Con¬ 
sultative Group (IACG), as it was later 
named, and at the November 1982 
meeting of the IACG in Dobogok, Hun¬ 
gary, the IHW was,invited to attend 
future meetings as a non-voting 
member. The final link in the space 
connection was forged at the third 
IACG meeting in Kagoshima, Japan in 
December 1983 when it was agreed 
that all of the Halley missions would 
placetheirdata in the IHW archives. 

When Comet Halley arrived - it was 
recovered on October 16,1982 with the 
5m telescope at Caltech's Palomar 
Observatory and passed closest to the 
Sun on February 9, 1986 - the obser¬ 
vers were ready. Approximately 1000 
professionals and a similar number of 
amateurs obtained something like 
50,000 observations of the comet (a 
trial run of IHW procedures was done 
by observing Comet Crommelin in 
March 1984, and a significant scientific 
effort was mounted by the IHW in sup¬ 
port of NASA's flyby of Comet Giaco- 
bini-Zinner on September 11, 1985 
with the International Cometary 
Explorer spacecraft; see "Through the 
Tail of a Comet" in the November 1984 
edition of Spaceflight). 

The picture of Halley's comet that 
has developed from these observa¬ 
tions continues to evolve, but, in brief, 
the nucleus can be characterised as 
being bigger, darker, and more irregu¬ 
lar than expected. The nucleus mea¬ 
sures approximately 15 x 8 x 8 km 
rather than the 5 km, generally spheri¬ 


cal object that most expected. The 
amount of sunlight reflected by the 
nucleus is small, in the range of three 
per cent to four per cent, making it as 
dark as the black rings of Uranus. 

The IHW is now engaged in collect¬ 
ing observational data ("send it in 
now!" admonishes Ray Newburn) and 
compiling it for achiving and publica¬ 
tion. The printed version of the IHW 
report will be published in 1989 and 
consist of approximately six volumes 
of 500 or so pages each. It will be 
organised chronologically and have at 
least-an entry for each observation in 
the IHW data base. Half tones of the 
better pictures and some spectra are 
planned for inclusion (a companion 
volume devoted to images will be 
issued undertheeditorshipof Brandt). 

The most complete rendering of the 
IHW data base will appear, in mid- 
1990, on standard compact disks (CD). 
The 20 or so CDs should contain 
approximately 600 megabytes of infor¬ 
mation each, 90 per cent of which rep¬ 
resents imaging (image data compres¬ 
sion, similar to that employed by Voy¬ 
ager 2 at Uranus, will help to hold 
down the total data base, by about a 
factor of two). One CD (and one hard¬ 
copy volume) will be devoted to obser¬ 
vations of Comet Giacobini-Zinner; the 
Comet Crommelin data (hard copy) 
was released in February 1986 in a 
quite different format. 

Observations of Halley's comet for 
this apparition have not yet concluded. 
Astronomers,, including some at the 
European Southern Observatory and 
the Kitt Peak National Observatory, 
plan to make photometric measure¬ 
ments of the comet in February 1988 
after it emerges from the solar glare. At 
about 21st magnitude, it will still be 
easily visible in 1m telescopes with 
CCD detectors, and cometary activity 
should be at a low level this distance 
from the Sun. Thus, observers have the 
opportunity to settle the question of 
what is the rotational period of the nuc¬ 
leus of Halley's comet; some data have 
indicated 2.2 days, while others 
suggest a 7.4 day period. In the 
absence of a significant coma, this 
dichot.omy seems susceptible of resol¬ 
ution. 

Newburn was, of course, quite busy 
during the time of apparition and had 
todeny himself the pleasureof a cruise 
or other extended expedition to 
observe the comet. But on April 7, 
1986, flying over the Mojave desert at 
37,000 feet in a chartered 727, comet¬ 
ary scientist Ray Newburn paid his per¬ 
sonal respects to Halley's comet as he 
observed it against the black sky for 
several hours with naked eye and 
binoculars. He finally found time to 
obtain professional observations of it 
in May 1987 at NASA's Infrared Tele¬ 
scope Facility in Hawaii. 
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